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PEEFACE. 


Till*: following Treatise is iiitt'iulod for an analysis 
of the vai’ious circumstances appearing to bear upon 
the subject of Geology. It has been attempted with 
tlu^ vi('w of ascertaining the causes which liave jao- 
• duced the structural and superficial configuration of* 
the earth\s crust, and especially of that part of it 
which comprises the acpieous rocks. 

Th(^ Author’s aim being limited to an endeavo\ir 
to elicit tlii^ general principles into which the inquiry 
is resolvable, he has abstained from introducing man}' 
geological details which might be referred to in 
support of the theory he advances. 

• That theory, and some of the minor conclusions 
upon which it is founded, h(‘ believes to be new ; and 
although they are not quite coincident with opinions 
(‘xprc'ssed in more extensive and more ('rudite works, 
yet in venturing to publish them he is conscious that 
he is not acting inconsistently with the respect and 
deference that are due to those who are leading 
authorities in the matters he has discussed. 
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SECTION I. 

AS 'rO THE PRESENT CONDITION OK IT IE E ARTURS 
CRUST, AND THE OPERATIONS WHICH ARE 
SUPP()SI<:D TO HAVE PRODUCED IT. 

l^videncos of the present <lrv land having be(m (‘ov(?rod with watc'r 
in former times — the siihmergence of some parts of tlu* earth’s 
surface and the cmcrgen(‘e of otliers ai*o still in lU’ogress — the 
prevailing theory concerning the oiu'rations vvhevehy those 
etfeets are produced — some ohJe('tions spei-ifiod. 

That a parent portion, if not till, of the present 
dry land luis been covered witli water, in times more 
or l(\ss remote, cannot b(' doubted. The existence of 
mtirine and fri'sh -water fossils in vtist tibundance, at 
different heights alxm' the s(‘a level in all parts of 
the world, ctin only b(' explaintMl upon the sup])osition 
that tlu'ir deposition occurred whih' the w.aters covtTed 
the localities in whitdi tluy are now found. The con- 
ditirm of a considtwable ptirt of th(' ('arth^s “ crust 
also points to the same conclusion. It seems impos- 
sible to Imagine, for instance, that the stratified state 
of nearly all the soft, and of many of the hard kinds 
of rock, was produced otherwise than by the action of 
water ; while raised sea beaches,’’ now far distant 
from any sea margin, and ripple marks,” and the foot 
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prints of ampliibious aninials, (liscoverecl in hardened 
rocks remote^ Ironi sea, river, or lake, are plain in- 
dications of water liaA'ing prevailed during ii long 
[)(T‘inch in lli(' luaghhoiirliood of the sites where those 
tokens exist. Kvideiici' to the sani(' effect is cvery- 
wluM'c^ trjKM'ahlc in the diffeiT'nt forms and dimensions 
of hills and valleys — in the denudation which moun- 
tainous and many less (‘levated regions have manifc\stly 
undc'i’goiK' — and in lh(‘ various featim's of every hilly 
disti’ict, including “ hluffs ” or ‘Mmadlands,” “cliffs” 
and “ rivi'r terraces.” 

While from such appearanc(‘s it seems clear that 
a((U('ous operations have occurrc'd in localities now 
sitnaie at various altitudes above the sea, and where 
iK'ither river nor lake now exist, it is to be inferri'd 
from others that the sea and land have undergone 
considerahli' changes of position relatively with 
eacli other. For instance, we are informed hv ^^'riters 
of authority, that in the valley of the Jordan there 
are manilest signs of that remarkable depression in 
llu' earth’s surface having been occiqned by Avater, 
and of its liaving been in direct communication with 
th(‘ lied Hea in pre-historic times. From local indi- 
cations, which are confirmatory of an early tradition 
lo th(‘ same effect, there is ivason to believe that the 
Black Sea was once entirely separjited from the Medi- 
terranean by an intervening tract of land, and that 
the Crimea, whicdi is now a peninsula, once existed as 
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iui island, in consequ('n(‘0 of the water in the neigh - 
})ourhood being mindi deeper than it now is. And in 
faet it can hardly he doubted that the featui’es which 
characterize every sea coast, bear witni\ss to the past 
occurrence of such ‘‘changes of level,” and that 
evidence of their having taken pla(‘(' is to be nnd with 
in every part of the world. 

It is known that, in the present day, the sea is 
gradually encroaching upon and submerging dry 
land ill many parts of the world. On the other hand, 
many coasts appear to be slowly rising higher above 
the sea level, or, in other words, tlie ocean seiaus to 
be receding from them. 

Hence there is reason to believe that (;ertain opera- 
tions liavc been during long ages, and still are in 
progress, whcreliy some portions of the ocean bed 
slowly attain the condition of dry land and, on the 
contrary, some parts of the continents and islands of 
tlic world very gradually become iiermanently sub- 
mergi'd. 

It appears to be a prevailing opinion among geo- 
logists, that such changes in the condition of the 
earth’s surface arc being produced by volcani(i agency ; 
that while some portions of the globe’s “ crust ” un- 
dergo a process of very gradual “upheaval,” by means 
of volcanic forces existing within the ('arth, other por- 
tions sink or collapse and become subnu'rgcd, in <*011- 
sequence of the withdrawal of those forces from be- 

B 2 
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lU'iith tliom, or of some other operation produced by 
tliat kind of .'i^oncy. 

Tlie tlioory sc('ins, in fact, to amount to this, 
nani(‘ly, tliat the globe's surface is in some parts 
expand(‘d or dilatf'd hy means of suhterranoan forces, 
^^'hich an' so vast in (h'gree, and so unequal as regards 
tlw'ir local apjdicntion, that all the irregularities, con- 
stituting tin' inniinuTahle mountain and hilly ranges 
of th(‘ dry land, with its undulatifins and plains and 
valkys, are thendiy produced ; while other suhter- 
raiH'an (►])(‘rations, arising out of the same igneous 
condition of tin* interior of the earth, cause the 
surface so to sink and collapse, that the cavities 
and de])r('ssions which are occupied hy sea and ocean 
an* theri'hy occasioned. 

Tliat lu'at ('xists within the earth in a very con- 
sid(‘rahle degT('(\ is mamdested hy the numerous 
volcanoi's in a, state of activity in different parts of 
tlu‘ woi'ld, and hy hot springs and other indications ; 
and that it has pi'rformed a most important part 
in our planet’s ])hysical history, during past ages, 
is ('vident from innumerahh^ extinct volcano('S, as 
well as from the igneous character of the materials 
forming the granites and other descriptions of rock. 

Numerous ()hje(dions present themstdves, however, 
to tho supposition that the structural and superficial 
irr('gulariti('s of the globe's ‘‘crust" were produced 
hy the opiTations referred to, smee the “crust" itself 
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attained a condition of rigidity, and since tlio aqueous 
rocks were formed. 

Tlie following may be mentioned as some of those 
objections : — 

(1) In inland localities, now far removed from 
sea, river, or lake, there can be unmistakably traced 
the water boundaries of ancient times, which pre- 
sent no indictitions whatev'cr of their having been 
subjected to any violent disturbing foi-ee since the 
water disappeared from theur neighbourhood. W^hen, 
Tor instance, such water margins are found to sur- 
round extemsive valleys at considcTable lidghts, with- 
out any deviation from a horizontal position, it is 
impossible to imagine them to have been raised to 
their present altitude by an immense force, applied 
with suck absolute equability from below, that not 
a sign can be detected of their having betai violently 
disturbcid, or of their horizontality having been in 
aiiy manner affected. 

(2) Extensive tracts of deeply undulating country 
are often found to be constituted of succ(\ssive strata 
of aqueous rocks, which, with the earlier roidvs below 
them, are said to have been subjected to this up- 
heaving process. The strata are traceable over great 
distances, and they vary in a very considerable de- 
gree as regards the horizontality of their diff(‘rent i)arts; 
yoty when sections of them are exposed to view, they 
reveal no sign of disturbance mter se, and the material 
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of wliicli each stratiim is cojuposed retains its original 
coni])actiK‘ss iMitire. Now it is ineoiiceivahlc that rocks 
consisting (d hard and iiu'histic niah'rial, such as chalk 
or Ikn tland stoiu' for instance, and heing soirio hundreds 
of fV'ct al)o\ (' th(' s('a can have been upraised into 

mounds and liills of all forms and dinumsions, without 
h(‘ing nait asunder in numerous places, or without 
ha.ving hng(‘ w('dg('-shn])(‘(l gaps fornuKl in their upper 
])ortions, or without displaying other palpable tokens 
of th(‘ force whi(*h had upraised them. Nor can it he 
siippos('d that layers of loose*, ])rittl(‘, or yielding 
matea’ials, like* shale or sand, would retain their re- 
lative* [K)sitions^ or fail to be intermixe>d and jiimble'd 
toge'tlier, had they been subjected to suedi immeiuse' 
pre'ssiire* from beneath as to have* been raised to their 
pre'sent he'ight above* the se'a leve'l by that means. 

(d) As th(‘ aepu'ous roe'ks are* found te) constitute* 
the u])p(*r ])ortion of the elry land in all thone parts 
of tin* world with whiedi we are aeiepiainted, this 
theory, eone‘(*rning the “uphe'aval” of the euirtli's 
e'rust since* those' roe*hs were fbrm(*d, of necessity applies 
te) the* e'ntire* e*ontlnents as weOl as te) the numere)us 
islanels e)l the we)rlel. Hut the su])pe)sitie)n that such 
vast are*as are* subje'cteel te) the)se subterranean ve)lcanie* 
toD-es, \\'hich are* sfiiel te) be* always in e)pe*ration, secerns 
to be utte'rly irrece)ncilable with the taejt that palpable* 
signs of the'ir e*xiste*nee are so se*lele)m felt ! 

(4) ljudulate)ry and })re*e*ipite)us irregularities e)i‘ 
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surface' arc char act eristics of every country ; some ()t’ 
ihe'in taking the form of laigged mountain masses and 
some of immense hills, while others are graduated into 
UK're genth' slope's. ITeaicci it is to be implieel that 
the forces producing those ineepialities luu^e been vari- 
able in degree, and casual as regards locality. Tt is 
in situations jiossessing some of those (‘haraederistics, 
that many ancient cities and towns are located ; and, 
in many parts of Kuropc, it is in ])laces at or near 
to which public edifices and human habitations are 
known to have existed for centurie's, that change's 
in the level e)f the^ sea re'latively with the dry land 
are said to he* taking place at the preseait day. Now, 
seeing how lU'cc'ssary it is to the existemce of a building 
that its horizontal pnsitiem he preserved, anel how great 
an effect iipem its stability any disturbance of the soil 
in whiedi its foundations are emh(‘deh‘el is calculate'el to 
])roduec', it is as remarkable', eni the erne hand, that tlu' 
nunu'rous structure's that have' been veay long in e'xist- 
eauM' u])on many an ancieait site, she)uld he'ar no sign 
of unse'tthanent or disturbance (supposing these irre'- 
sistihle fore'e's te) have he'e'u, howe've'r gradually, a])plie'd 
to the earth heaieath them), as it is, e)n the otlu'r hanel, 
that the sites on Avdiiedi the)se struedure's re'main she)ul(I 
have escaped the applicatiem eif those^ forea's, sup[)os- 
ing them to have he'eai, anel still to he, in e)pe'ration 
in the immediate neighhourheioel. The impe)rtane;(' 
of these ouiisiderations, as bearing upon this part e»i‘ 
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the subject, is In iio J('j^r(‘e dimiiiish('d when it is 
l)()riie in iiiiud how terrihly d(‘structiYC are the ctFects 
[)rodiiced by those subterraiK'an forces, when they do 
nudve thenis(dves palpable, as tliey uidbrtunately often 
do, in the form of earthquakes of greater or less 
severity. 

Su(;h are a few of the many difficulties which stand 
in th(‘ \^^Ty of the prevailing theory, with regard to 
t]i(' mode by wliich the aqueous rocks have attained 
tlieir elevated ])ositioii. That those difficulties have 
been but Httl(‘ noticed, may be owing to the circum- 
stance that the attention of practical and scientific geo- 
logists has b('en directed to the details of the science, 
with the vieW' of determining the relative' places in 
the chronology of tlu' earth’s crust ” to be assigned 
to tlu' ditlerent strata, of which it is in great part 
(•onipost'd, rather than to the causes wdiereby the 
main teatures of geological phenomena have boen pro- 
duced. It may be, in fact, that the theoiy in ques- 
tion is indebted for its favourable reception among 
scientific men, not so much to its feasibility, as to 
the absence of satisfactory explanations of the appear- 
ances from which it is deduced. 
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SECTION 11. 


FlRTirFJl (X)XSI1)ERAT1()N OF THE EAKTifs TRESENT 
P]IA^SI('AL (ONJHTION, AM) OF SOME OF Till-: CAUSES 
AVIIICil HAVE rROBABLA' ( ONDUCEl) TO IT. 

Tlio olilaft'-spln'niidjil loiin — tli(‘ “ i;_jiu‘ous ” ()i i}.p‘n uT (lie 

lowt’r ])('v(ioiis (»r its “criisl” — its shape is diK* to llu* iimttrr 
<*oiistituliii”: it having beeii snl»jL‘cted to rotary Jiiotion wliile 
ill a ductile state — tlu' structural and superlicial irrcf^iilarit ies 
of its “crust ’’ are due to the jirocess of rrlriiM ratiou throu^jli 
Avliicl) it lias jiassc'd — while' the earth’s surface' re'Uianie'd in an 
intensely heated state, the aepu'eius vapemrs which surrounded 
it e'ould not condense upeui it — the'i’e'fore seas, Ac., we're suh 
si'epiently formed, 

Ix tlie course of the following ptigi's tin sitteiiipt 
will 1)0 iiuido to show tluit the foniuitiou of tlu' dry 
land, ajid therefore the elevation of the {it^ueous rocks 
al)ove di(' sea level, is an ellect produced in conse- 
<pience of certain {istronoinical ctiuses which are ever 
in operation. Preparatory, however, to a discussion 
upon that part of the suhjt'ct, a h‘W remarks will be 
ventured upon respecting some of the (drcumsttinces 
which are knoA^Tl to htive conduced, or whidi haAa^ 
prohtihly (M)ndiiced, to the present pln sicid condition ol‘ 
the globe. 

(1) We are informed by a.strononH‘rs that tlu' 
earth is of an oblate-spheroidal form, and that it has 
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at tlic (‘([uator a dianicter longer tlian tliat at the 
poles, to tile ('xt(‘nt of about tAveuty-six miles ; or a 
(iiflereii(*(‘ in radius of tliirtiu'u miles. Excluding 
from pri'sent consideration tlie voleaiiic” and ‘‘meta- 
morpliici” rocks, as wcdl as tlios(‘ of tlie aqueous” 
class wliieli oeciipy llie most r('(,‘ent place in tlie 
oarlli’s elironologv, and also ('xcluding therefrom tlie 
\vat(‘i-, which, as c(;m pared with the Avhole earth, may 
h(‘ d('scrih(‘d as forming hut a mere film upon its siir- 
faci', it cannot Ix' imagined of the vast mass of Avhich 
tilt' gl(>h(^ consists, otluTAvise than that it took this 
sha])(‘ (»r form wEile it was in a s(‘mi-li([uid, yielding, 
<n’ elasti(^ condition, such as would ])erniit it to obey, to 
some extc'iit, the centrifugal inqiulse caused by the 
(‘arth’s rotation on its axis, and having at the same 
time, in virtiu' o(‘ the ])ower of gravitation, or of cen- 
tri[)(‘tal force, or of some propi'rty it possessed, or 
infliKMKM' to which it Avas exjiosed, such a compactiu'ss 
and coln'siveiK'ss as to previait its dispersion, and 
finally to ri'strain it from assuming a gri'utcT equa- 
torial expansion than it now' possessi's. 

(‘J) Tlu' t(‘xture and geiu'ral chai*actcristics of 
tlie material of which the netlKwmost portion of the 
<‘arth’s “ crust” (uitirely consists, namely, the graniti* 
of different kinds, unmistakahly indicate that it 
w'as in a state of fusion before it attained its pre- 
stait induratiHl condition. All the other descrip- 
tions of rock also, excepting those of the fossiliferous 
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or nqiu'ous class, arc said to Lear cvidiaioo of tlu ii- 
liavin^' boon subjected to an intense degree of lu'at. 

And that beat lias been tlie principal agent in 
many of the opi'rations wbicb occurred during an 
('arly period of our globe’s bistory, is manifest IVom 
tlie numberless extinct Aailcanoes wbicb exist in \'ari(>us 
parts of tlie world. And it is to be inferred, from tb(‘ 
nuiiKTous v()lcanoes now in a state of activity, as wc'll 
iis from Lot springs and otlier evidences, tbat tb(‘ 
interior of tbe glolx^ has retained a very considerable 
degree of beat even to tbe present day. 

bVoin sucb circumstamM's, tlu' inb'nTice seiTiis to 
be iuevitabb', tbat tbe matenals of wbicb tbe glolx' 
consisted, in an early stage of its bistory, wit(' in an 
intens(']y boatc'd or fused, as well as a yiibling or 
elastic condition, and tbat it was wbib^ tluy wiac in 
tliat state tlmt tbe (‘artb’ssplu'roidal form was ac(pnred. 
And fu-rtber, tbat it Avas not until those materials bad 
b(H*-ome somewbat c.ompact and rigid, in cons(‘quenc(' ol‘ 
tlu' refrigm’ating influences to wbicb they were* ex- 
|)os('d, tbat tb(' daily rotation of tbe (nn tli upon its 
axis ceasi'd to bave any effect u])on its sluqie, jind tbat 
tbe form it is now found to possess Avas finally attaiiu'd. 

(if) Tb(' r('frig('ration of tbat ATist mass of ma- 
t('rial must have proceeded from the surface inwards ^ and 
it may be conjectured tbat, Avbile tbe outer portion 
of tbe globe Avas, by m(‘ans of tbat process, assuming 
a comjiact and solidified state, tbe gaseous vajiours 
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continued to be generated in enormous quan- 
tities, w(‘r(^ tliereby restrained from freely esca])ing at 
(‘\'(‘iy point of the surface, as theyliad done previously 
to the congealing process s(‘tting in. Their accumu- 
lation would therefore occur in different places be- 
iK'ath that outer portion or “ crust’’ of tlie globe wbich 
was thus slowly attaining a state of solidity, l^y 
iMMison of the prevailing beat, those accumulating gases 
would ac(iuirc an irresistible expansive forct‘, whereby 
th(' parts of the solidifying but yet elastic “crust” 
whi(.*h wtu’c most cajiable of yielding, would become 
rais(‘d into innunu'rable protulxTances of various 
lu'ights and dimensions, some of which would ulti- 
luati'l'/ giv(‘ way to the j)r(‘ssuj*e from within, and 
he(‘oni(^ “ vents,” through which the gases would make 
th<‘Ii' escape. 

’flu' suggestion occurs, on the other hand, that th(' 
[Kirtial exhaustion of the internal fires v ould occasion 
jM)rtions of tin* gl ob(‘’s surface to become sunken and 
colla[)sed, wberehy a still greatiT degrt'e of irregularity 
would be imparted to the localities where such opora- 
fions were in progress. 

Supposing, then, the materials of which the earth 
was composed to have been in a fused or molten state, 
and to have passed through the process of gradual 
relrigei’ation described, its “ crust ” must have become 
subj(H*ted to the most powerful and uneijually applied 
u[)heaving force, while it was attaining a state of rigidity 
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and compactness^ and tony before it had acquired a com- 
plete! y indurated condition ; and all the irroj^ularit}^ 
wliic'li C()iistitut('s inoiDitain, bill, valby, and jdain, 
must bav(' boon tlion'by produoc'd upon its surlaco. 

(1) It may cortainly b(‘ assuniod, tbat wbilt' tlio 
globe was in tb(' fused or intensely lu'ated condition 
described, it did not bear moisture in a liquid foi'iii 
upon its surface', and tbat neitber occ'an, lake, nor river 
W('re in ('xisteauM'. It is reasonable to suppose, bow- 
ever, tbat as its crust gradually progi’ossed towards 
a settled cemdition of I'igidity, its surface bc'oanu', jiait 
by part, siifHcb'ntly e'ool to allow tbe aepieous vajxnirs, 
wbicb pi'obably surrounded it in enormous quantitit's, 
to condc'iise on tlu' mountainous projc'ctions wbicb bad 
biK'ii raised upon it, and tbat tbe water tbus formed 
found its way by various ebannds into b'ss eb'vate'd 
districts, whose surface' prejbably was at first in too in- 
tense'ly be'ate'd a conditiem to permit it to remain un- 
vape)rise'eL 

Tbe \a'ry gre'at diffe're'iKM' be‘twe)en the climates of 
tbe gle)])e' in elilFeremt latitueles, in our e)wn time's, sc'ems 
to warrant tbe' conje'cturc', tbat its temperature varied 
to at least as gre'at an extent during tbe early stages 
of its bistory under eMuisideration, anel tbat se^nie? re'- 
gions lemg be'fe)re^ e)thers Avere in a cemelitiem btte'el for 
tbe deposition and accumulation e)f the wate*iy e'leu 
raent. When, bowovor, its formatiem in diffe.'rent 
regiejiis bad once begun, and numerous areas of vast 
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rxtt'Tit liad l)C(H)inc covered with tlie contiiiiioiisly iii- 
flood, its gradual extension to all the parts of 
the g]ol)(' wliieh it was destiiK'd ultimately to oecupy, 
would iu'e(‘ssarily follow, whatever might have been 
f]u‘ (M)ndltion of the globe’s surface in those other 
rc'gions over \\’hi(di it finally prevailed. 

Thus, pi‘ol)Ml)ly, Avere the seas and oceans with 
whi(*h th(' gloh(' is (‘ucircled, gradually fornu'd in tlu‘ 
<M)nrs(' of fi vc‘ry lengtlnaied period during which other 
()])(‘ralions of vast magnitmh', and of a chemical as 
w('ll as a. uK'chanical charaider, AV(Tt‘ also conducing 
to th(‘ ])hysical condition Avhich it Avas intended our 
earth should ultimately attain. 
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SECTION III. 


CONCERN I N'Cf THE WATER Tl'ON TlfE GEDRE. 

\s (n the scit'Hlilic t'\i)liiiuitioii.s respodiiig (lie sn|)p()St'(l a\i*rfl,i^^ 
(leptli of th(‘ oci'aii in all parts of tin* world — cirTiiinslancrs 
which seem to be in contlict with thost^ explanations — in*. 
[)orlance of the question as beariii}' upon tlu* ioinialion ot 
tin' aqiK'ons neks — tin; spheriiail form was [»robal>^’ alt!iin<‘<l 
by tile },dob(> under cinmmslances very dillerent from those' 
under wliieli wult'r became deposited upon its surface -it may, 
thorefon', be doubte«l whether the i'arth’s wati'iy ('iivelope 
corresiionds, in t'xt<‘ri«ir shape, with the form of 

the ^lobe — that the ocean is not of an aAeriif^^i' depth all 
over the W'orld, is to be <b'duced from the astronomical expla- 
nations of the tides — those explanations considered — necessaiv 
inlenmci.* tln'relVom — as to the iiKule in which the dail} tidal 
alternations occur. 


Whatever may liavo been the nature of tlu' 
operatiuibs to which tlie globe wtts .subjected ])rior 
to the formation of the atjueous rocks, it can hardly 
be doubted that tlie vtist mtiss of matt(‘r of which 
the earth is composed had atttiiiied a condition of 
ligidity, and had fintdly assunu'd the sha])e it now 
possesses, before it was possible for the imniensi; bodies 
)f water with which the largest proportion of the 
^lobe is now covered, to be deposited and retained 
upon its surface. 
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As it is iiumifrst that tlio deposition of the ^‘aquo- 
ons’’ ro(‘lvs oecurred in sonic iva}" through the action 
of water, it niay assist in the enquiry respecting their 
fornuition, n])on Avhictli it is proposed to (‘liter, to 
consid(‘r sonu' of t]i(‘ (‘ir(aiTnstanc(.\s whi(‘h regulate 
tlu' condition of sea and ocf'an, and ivsult in the 
vast opeiaiions \N liicli arc* ever in progress through the 
instruiiK'iitahty of those (‘iiornious colh'ctions of water. 

We ail' inrornu'd liy astrononuTs, that the im- 
nieiise liody of wat(‘r wliich encirch's our globe and 
coiupris(‘s th(‘ grc'at s('as and o<?eans of the world, 
is ot* an average tmiform depth; in otlu'r words, that 
its (‘xterior surfac'e (‘xactly confonns with th(‘ gc'neral 
shajK' of th(' giol)(\ upon whi(‘h it forms a kind of 
liipiid (‘iivi'lope or coloring, filling all th(‘ hollows, 
and concealing all the in(‘(pialiti('s which exist in the 
surfac(‘ of the solid <‘arth lumeath. And scientific 
ex])lanations ii'spi'eting the ])ow(‘r of gravity exercis('d 
by th(' glob(* ov('r the water on its surhu'e, and as 
to tlu' (‘fh'ct produc(‘d upon it hy tlu‘ centrifugal force 
occasioned by tlu' earth^s diurnal rotation, are giiTii 
to us by the sanu' authorities to show that an uiUMpial 
collection of wattT is pn'vented, (‘itlu'r in tlu' direc- 
tion of tlu' ])oh‘s of the earth on the one hand, or 
of lh(' ('(piator on the otluT. 

Tht're ar(' circumstances, however, which seem to 
lu' in conHict with such explanations, and which are 
suggest i\'e of considerable doubt, wbetlu'r the waters 
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foniiing- tlio (HK'iUis of the world do, in fuet, (‘xaetJy 
(V)iT('sj)oiid in exterior shape with the foi*iii of the 
earth, and wludher they are not eolleeted in |^■r('at(T 
(juantity in soiik' regions tlian in otluTs. 

Tliis (piestion, conecTning* the nniforniity of the 
(l(‘ptli of tlie waters surrounding the glohi', is of gr(‘at 
importance in the ])V(‘seni eiupiiry, for if it can he 
shown that their exterior surface does not c'xactly 
conform with the shape of the eartli, and tliat their 
gtUKTal depth {i.e, irrespective of tlie ijietpialitic's in 
the eartlfs surface' heneath tliein) is much gi*(‘al(‘r in 
some regions than in otliers, it sih'ius [jossible to ac^ 
count for th(‘ formation of the ;u[neous ro(‘ks upon 
a much more reasonable hypothesis tlian tlial which 
now prevails u])on tlu' suhji'ct. 

If the physical taws hy which matter is now ri'- 
gulat('d were in operation during tlu' pc'riod of the 
earth’s formation, and if the material of which the 
solid part of our globe; is compos<‘d was in a fus(;d, 
partially fusi'd, or pliable condition, while I’csolving 
into a condition of (equilibrium and attaining its pre- 
sent oblate-splu'roidal sliapi', tin’ circumstaiux's under 
which the pov (‘r or inhiKuicc of those laws conduc(;d 
to tliat form or shape, must have bcMui very ditferent 
from those iimh'r which they wer; ex(Tcls(;d upon the 
water which came to be d(‘posit(‘d on the earth after 
it had settled into a condition of rigidity. On the 
one hand, we have to imagine a vast globe of com- 


c 
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pact coliosivo matlor, of a (l(‘iisity inuoli ^i^ivator than 
that of wTitcr, n'volviiig on an axis h)' an indopondont 
motion of it own, and thcH'hy attaining, as an ontiiv 
mass, a (‘(‘i tain (h‘t(‘nninato shapo ; and on tho othor, 
u volatile fluid which, having been deposited on a 
rotating solid globe of inmu'nst' ])r()])oi‘tions, forms 
upon that globe a mere partial, filmy covering, and 
partak(\s of its rotary motion. Tin' circumstances 
of tin' two (lases b(‘ing so diflerent, it secans impossible 
to suppose otherwise than that there must bo a dif- 
fen'iict' in tin* result, and that the shape or form 
of the great colh'ction of water env('loping the earth, 
diverg(\s to a considerable extent from that of the 
<'.ul.li itsc'ir, and that the water is accumulated in 
gH'ater d(*pth oi'(|uantity in some [laris than in others, 
ill (;on.‘'(*(pienc(‘ of tlu' great velocity at which it is 
<*ar!*i(‘d round on tin* surface of thi' globt'. 

Hut a more cogcmt r(*ason than that already sug- 
gi’sti'd in siqiport of the conjecture, that the ivatcrs 
of the oveaa do no( tixaHhj correspond wilh the (jeneral 
form of the (jJohe, and are not of an average or general 
uniform depth, seems to be deducible 1‘rom the ex- 
planations given by astronomers concerning the in- 
tiuencc' or attractive' powx'r of the sun and moon, by 
w hich tlu' daily altc'rnations of tide are produced. 

AV<' art' informed, that the tide's occur in e^onse- 
»tuciice' of the parts of the ocean iiieist directly 
e'vposeel to the solar and lunar influences, being raised 
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• »r hoapc'd up into “wave's,” which “follow” the 
attracting luminaries in tlu'ir apparent (liiiriial courses. 

The greatest amount of these intliu'nces is said to 
h(‘ exercised upon the ociean wlu'ii the moon is in 
“ conjunction,” or “ opposition,” namely, when the 
I'arth, the moon, and the sun, are so rc'latively situate' 
as to be all in erne straight line, the wate'rs being 
them accumulateel or hea])eel up to tlu'ir greate'st 
lu'ight, and the we'll-known result of “spring tide” 
])edng then manifest. The minimum e'ffect, or “ ne'ap 
tide.',” is said to happem whem the moon is “ in ejuael- 
rature,” that is, when it is so situate that two straight 
lines, name ly, one> ])roje'e;t('d from its centre', and the' 
otlier proj('(‘t('el from the e'e'utre of the sun, would form 
a right angle) at their june'tion in the' earth's e*e'nti‘e. 

It appears, therefore:', that “spring tiele's ” are' the* 
offe'ct ])re)elue)e'd by the' sun anel moe)n e?onjointly, and tliat 
“neap tiele's” are attributable te) the se'parate efleed 
of tlie mexui's influeaiem (whicli is nieu'c pf)we‘rrully 
felt than that of the sun, in e'onse'epiemem e)f the) 
nearer ])re)ximity e)f 'the) me)e)n) npem the wate'i's at 
e)ne part e)f the) gle)he', when that e'fleeit is partially 
separated from, e)r e)e)unterae)ted by, the e'lfect of the' 
sun's influence upon the wate'rs at another part. 

Another, though an inelireed re'sult attrihute'el te) the' 
attraedion of the sun and mejem, is the simultaneous 
Ijroduction, on the) siele of the gle)h(' opposite to that 
elirectly expe)sed to the influence of the two lumi- 

c2 
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luiru's, of offl'cts ])r(‘(*is(‘]y siiiiilai* to tlioso just (lo- 
s(irih(‘(l. TIh' {istroiiouiionl ('xplaiiatiou of tlio causes 
from wliicli tliosi' I’urtlu'r (*tf('cts arc said to arise, will 
not, liowi'vor, 1)(‘ ait(‘m|)ted, it Ix'iiij^; only necessary for 
tlu' pn 'Sent purpose ‘ to consider ^('lU'rally the manner in 
which the wate'rs surrounding^ thi^ ('arth are^ said td he 
aflech'el hy tlu' attrai'tive ])ower of the sun and moon. 

We an* h'O, hy the* (‘xplanations lirst r(‘ferred to, to 
sujipose that, the* daily tidal change's ohseTvahlc in 
many risers and on se'a shore's are' oexasiemed hy the 
oscillaiioii of a lunar, anel alse) e)f a sedar, “waive” 
in e'a-e*,h lu'niisphe're', anel the a])])are‘nt chh and lleiw 
e)f the waite'r, Avith which every pi'rson is so familiar, 
se'e'ins to e'orrohorate* Ihe* sup])e)sItion. A little* cem- 
siele*ratie)n, howe*ve*r, of the cause*s wdiieh, accoreling 
to the* te'aediing e>f astreinemiy, e'emti ihuto te> thealte'rna- 
tieais e)f the tide's, se'e'ins to le*ael to a ve'iy eliffeient cem- 
clusie)n as to the* nnnme'r in whiedi tlu'y are preiduccd. 

Now, as the* tielal e'tlects are* attributable to the 
attrae’tlve* iidluence* or power e'xerciseel hy the sun 
anel nioeui upon the* Avaters, anel as the degiec or 
ainemnt e)f that inilue'ne*e' eu* pe)we'r varie's acceuding 
to the distance Avhich inteiwenes hetAveen its source 
;nul the object aflecte'd, it follows (e)ur planet being 
sphe*rie*al) that the* fore*e* or pe)wer of gravitation oxerte^d 
iipein the Avate*rs at that part e)f the globe over whiedi 
the* atiractlng luminary is direct]}' A'crtical (or to which 
it is nearest), is greater than that Avhich is exerted 
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Upon tli(3in at other ])arts of the ^lolje ; luid tliat tlu' 
amount of force or i»Tiivitation <‘xercis(‘(l, diij|iiuslies 
ill soiiK^ ratio wliicli accords with that increase' of dis- 
tance IVom the luminary, whicli is occasioned by the' 
I'artlds spliericity. 

Tuste'ad, therefore, of the waters Ix'ini;- drawn or 
heaped i#p into an oseallating wave,” in conseepK'ncc 
of the sun or moon’s position relativTly with the c'arth, 
it w^ould seem that tlie elfeed of tin' attraediva^ ])owei* 
of either must necevssarily Ix', directhf, tlu' production 
of a vast coiu'-slnqied v'olunu' of water ('xt(*nding 
ovTr tlie entire ]i('mis])]ier(' ((‘xce'jitiii’’: wlu'n' interten'd 
with by contiiH'iits and islands), liavinj^- its apex or 
di'Opest partimnu'diate'ly unde')’ the atlractinj^’ luminary, 
and gTadually diminishing* in dejith and volume in all 
direidioiis surrounding that ])oint ; and, indirerthj (ac- 
rording to the astronomical (‘xplanalions (Mmcerning 
tlu' etlect of the' solar and lunar attraction u])on tin' 
ocean), the accumulation of a similar body of watei* 
in the opposite hemisphere. 

Hut, vvdu'tln'r tlui waters of tlu? o(?('an an? laisc'd 
by that attractive ])ower into the shape of “ wavi'S,” 
or into volumes or masses of another form, tlu'sc 
results si'cni to be (*ertainly di'dinabh' IVom tin? (‘x- 
[ilanations (?onceiTiing them wliicli asti*onomy affords, 
namely : — (1st) That they are acc.umulah'd into 
\ oluines or masses which, as regards depth and (pian- 
tity, are greater in some regions than in others. 
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(2ii(l) That thos(.‘ Yoliimos or masses retain, notwith- 
stan(lii% the ('orth’s rotation on its axis, pGsdions 
which are permanent relatively with the luminaries 
produciny thcm^ and whieli, therefore, do not vary (m)- 
tianporaiK'ously with tlie alternations, called tidt's, 
ohs(‘rval)l(' in i‘iv(‘rs and on sea-shores ; — and, there- 
for(‘, (did) that th(‘ daily tidal alternations ?)ccur, not 
in cons(‘(|ueii(:‘(' of an actual oscillation or ehb and flow 
of th(‘ waters, hut by ri'ason of the coasts and shores 
hein^ hrou^lit, by the diurnal rotation of the solid 
glol)(‘, tbrou^h tliose jiortions of the water surround- 
ing th(‘ globe, which ever continue to hold theii' 
])osiiions ridatividy with the sun and moon, and in- 
d(‘j)endently of the (‘arth's motion, and which ar(‘ of 
an uii(‘(|ual though rc'gularly graduated depth. 

If thos(' g(*ii('ral av('rm('nt.s are true, it se(‘ms 
necessarily to follow, that the immense collection of 
water with which tlu' (‘arth is nearly encircled, do(‘s 
not (‘xactly coiiicidi', su|)erticially, with the sliape of 
our ])lan(‘t, and that it do(\s not entirely participate 
in the daily rotary motion of the solid globe beneath , 
or vatlu'r within it ; and also that, it permanentl\ 
possesses a much greater depth or volume in sonu' n - 
gions, than in others. 
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SECTION IV. 


THE .\STRON»MI( T L KXTEA.N ATTONS OK THE TTDES 
(.'ONSIDKREO. 

The manner in which tlu.* atlnidin” of Ihc snn and moon nfX'O 

the ocean is said to overcome tliat of tlie earth to some e\ 
tent — solar and lunar masst's or \oIumes of water are th<‘rehv 
permanently produec<l — (Indr deplli is not nniform, hut 
graduated IVom <‘citain apiet's or dc(‘pest parts, which arc 
always maintained in situations l\ing in or mair to tin.* plane 
of the ecliptic, notwithstanding the various motions t>f the 
solid (?arth — the manner in whieh tin* daily tidal alt»‘rna,tions 
are lienee oeeasionod. 


Not only is it to bo dt'duood from tlio oinMimstaiKtr.'' 
on wliicli ilio tidal jdtoriiatioiis art' said to dt'jiond, tbat 
tlio waters onvolojiing the ('tirtli art' tiocumnltitt'd in 
jgrt'Jitt'r do])tli or volimit' in some rt‘<»’ions tlian in otliors, 
;md that the daily tides are oecasioiusl otlit'rwiso tlian 
by an actual oseillation or flow ” and “ ndlow ” of’ 
the oet'aii, but otlit'r iinportaut iuft'riMices art' also to 
be drawn tbert'froni (M)iiceruiug those wonderful j^eolo- 
gtt'al ('vents of wbitdi the (tusI of tlit' earth I'xbibits 
sindi alaindjint traces. — An analysis of tliosi' circum- 
stancf'S will thert'fore b(‘ now attenijjtt'il in soinewluil 
greater (ktail, evtai tbongli some of tin' rtanarks (‘con- 
tained in tin' previous ])ag('s m.ay bav(‘ to be repea, t('d. 
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ili(‘ ('\])l;ni:!lions ^ivc'ii in works wliicli treat 
upon (li(‘ sukjoct, it is to be inferred, tlnit tht> earth’s 
^rii\ itatin^’ or attractinj^ |)ow(t n[)on tlie oeeaii is in 
sonu' nioasure ovi'icoiiH* by that of lh(' sun and moon, 
and that tlu' solar and luntu" intlnene(‘ not only pre- 
v(‘nts tin' wat('i’s whieli surrouinl the ^lolx' from as- 
sninlni;- a shape eorr(‘s])ondin^ (‘xacdly with that of the 
oarili its(‘lt, ])ut also ])r(‘V(‘uts them, in the measure in 
wliicli that pow(‘r or iidliUMiee is (‘xerti'd u])on them, 
from parti(;ipatin^- in, or ludnfi^ eaiaied round with the 
dim nal rotation of the globe. 

In (‘onsi'(|iU'nc(.‘ of our phnud having a spluTieal 
torm, the ])lace upon its surfa(‘e Ixdweini whieh and 
tlu' sun or moon then' int('rv('n(‘s tlu' h'ast distaniMs 
is, of coiirsi', that over whieh the luminary is inline- 
<liatt'ly vertical. And as th(‘ atti’acting ])ow(‘r diini- 
ni>hes propoitionat(‘ly with tlu‘ imu'c'asi' of distanc(‘ 
intervening b(dween its source' and tlie object affected, 
it f<»llows that th(' solar and lunar iidhu'iu'e must cause 
tile waters of tlii' ocean to bi' so drawn or acemmulated 
togetlu'r, that tlu'V possess a greater depth at the part 
over which tlu' atti’acting luminary is dii’cctly vertical 
than elsewhere', and that thedr elepth (so far as the' 
accumulation is oci'asioneel hv the sun eir moon’s 
attracting ])owe'r) gradually eliminishes in a ratio 
accoreling with the increase eif distance from that part 
or point. 

A juvciscly similar “heaping up'’ or accumulation 
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of tlu‘ wat('r is said l)y astroiioinrrs to takt' plact' 
siiiiultaiioously in tlio lioinisphcn^ ()pj)()siio to tliat 
()V(‘r wliidi tlio sun or moon liappc'us to !)('. 1di(' 

sci('ntifi(; oxjdanation of this ocrmT(‘n(*(' is ditlaaili to 
d('sorih(\ and is unnecossj^ry for tin* prc'sent purpose.' ; 
hut it may ho not improjH'rly e'X])rt'sscd as tin* 
indired (dh'c't of tlio solar or luiiai* iiiHiu'iKH' upon 
tlio o(*oan. 

lT('n(‘(‘ it a])p('ars, as r(\<j;*ards tlu' si x’s atti’uedive' 
[)ow('r (oonside'n’d se'parati'ly from that of tlu' moon), 
that it atf('c*ts tho (K‘('an in such a maniH'r as to cause' 
tht' wate'r in c'aedi licmisplu're' te) he* ae'eaimulate'el te)- 
;^*i‘th('r, e)r “ h('a})cel up” inte) a (‘emelitlon e)f varii'd 
hut re^ii’ularly graeluatcel de'pih, auel se) that (in i‘e\s])e'ci 
only e)f tliat incepiality e)f depth which is pi-e)elue*e'el by 
the' sun’s attraedive' pe)we'r) its derprsf parts atwaijsvon- 
ilmic in an micarffini/ sit nation ndatirdif loitli the snn^ 
iiotwithstaneling tlu' ('arth’s daily i*eve)lutiem on its 
axis, anel se) that a straight line' we)ulel jiass thre)ugh 
tlu'ir I’e'spe'ctivc apie-A's anel the' sun’s ce'iitjA'. 

The nie)on exercise's an attrae-tive ])e)wej' similar in 
kiuel te) that e)f the sun, hut, owing to its ne'aie'r pre)X- 
iniity te) the earth, it prexluce's a niuedi gre'ate'r elfe'e*! 
upon the ocean, and cons('(|U(‘ntly, a mass e)f wateu’ is 
ae*(anuulate.'(l teege'ther by it in ('acli hemisplie're', (!e)n- 
Mde'rahly exeA'eding in dej)th anel e^uantity that 
t'reiduced hy the e)th(;r luminary. 

Whether the whole mass, or only a portion of the 
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wat(*rs surroiiridiiR^ tlio p^lobo, is tlius uffectcd by tht; 
attractive power f)f fb(‘ sun and moon, inatt(‘rs not, so 
far as concerns tb(‘ conclusion to bo formed from a 
(‘onsidcTution of llu‘ inaniKT in wbicb tliat iiiflueiicc 
is ox(‘rcised. It may, bowi'vcr, bo coiivonlont to deal 
with the rpu'stion on tbo supposition that, in con- 
s(Hpi('nc(‘ of a [)art of tbo ocean being tlius accu- 
inulat('(l togetluT, or held in a. state of suspension, 
tliere c*xist in eacdi bemispber(‘ two vast masses in* 
volunu's of vatc'r, tb(‘ one biang produced by the 
moon’s attractive ])ower, and tlui otluT by that of the 
sun ; tbe a])(‘x oi’ de(‘])(‘st ])art of tlu' volume of water 
rais('d by llu‘ sun’s dirc'ct inflmaice, and tliat of tb(‘ 
corr(\s])(>ii(ling volunu' in tb(‘ opposite luaiiispliere, 
b('ing always ndained in tlie same situation relatively 
with tli(' sun, and similarly tbe ap(‘X or di^i'pi'st part 
of each of lb(* two lunar V(duiues b(‘iiig always re- 
taim'd in tlie same situation relatively with tbe moon. 

Altlmugb, then, tbest' volunu's of water are r(‘- 
taiiied u])on tlu' globe by its gravitating or attracting 
])ower, y( t tliey an' not carried round, or matcTially 
allected by tlu' daily rotation of tlu' earth upon its 
axis, and tbeir positions upon tbe globe tbrougliout each 
day and month and yc'ur, only and altogether depend 
upon tbe relativ(' situations wbicb tbe eartb, tbe moon, 
and tbe sun, bear tow ards eacb other. 

As tbe gn'atest dejitb of tbe mass or volume of 
waiter accuniulatt'd by tlu' sun’s direct inlluence is 
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jilways situato at that part of the globe’s surlavc* 
over which tlie sun hap])ens to he vertical, and as the 
corresponding mass or volume occupies a position 
diametrically opposite to it, it follows that the situa- 
tion on the surfaces of the globe, of the deepest parts 
of th(‘S(‘ two solar masses of wat(T must always lx* 
somewhert‘ in or near to the part where tin' imaginaiy 
plane of tlu^ earth’s orbit (usually spoken of as the 
plane of tlu^ ecli})ti(‘.) hap])ens to divide tin' glolx'. 

And, similarly, the de('pest parts of the two lunar 
volumes of wat('r must he situate soiiK'wlu're in or 
near to the part wIktc the imaginary plaiui of tin* 
moon’s orbit round the earth happems to divide' the 
globe. 

Now the phiTUi of the moon’s orbit is said to 
div(‘rge from that of tln^ iaT-th round the sun to tin* 
('xte'iit e)f about five' de'gree'S only. 

As, therefore', tin' two plane's so veiy nearly co- 
incide', it would apj)e‘ar, freau wdiat has ])e'en state'el, 
that the elee'pest parts e)f the* twe) lunar masse's e)f' 
water, anel e>f the two solar, e*.ontinue‘ to re'tain (notwith- 
standing tln^ e'arth’s rewedution em its axis) situatie)ns 
which aUvays lie' in or near te) the plane of the 
eejliptic. 

But that planer may he saiel to holel an ahse>lute*ly 
tixe'd place in the^ heavens ne)twith standing, anel what- 
e'ver may he' the nie)tie)ns of the? earth and its satellite*. 

Tt the're'fore' folle)ws that, by the daily rotation of 
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i1h‘ solid ^d()l)(' on its nxis, all tlio parts ol its surlacT', 
uududin;^' its sea roasts and cliaiincds, are mado to 
undcr^-o a rontinnal clian^i' of position, rolativoly 
witli tlioso doopost parts of tlnj solar and lunar 
volunn’s of wator. 

In or noai’ to tlioso jiarts (d* tlio glol)t‘\s surface, 
ho\v('V(T', tlirongh which this ])lan(‘ of the ecdiptic 
is supjioscd to pass, th(‘ position ol‘ tlu' dcc])cst parts 
of the two lunar volniiK's of water must under^^o 
lV('(ju(‘nt chani.^i', in cons(‘(jnenc(‘ ()f tin' moon’s monthly 
jouiMK'v in h(T orhit. In ev(Ty rt'volution she makes 
round th(‘ (‘arth, she is once in “ conjunction ” with, 
and oii(‘(‘ in “ opposition ” to the sun. As tln^ deepest 
parts o{‘ th(‘ two lunar volunu's of water always 
ctu n'spond with tin' situation of tlu' luminary in the 
/.odiac, it follows that they#l)(‘(N)m(‘, at the two periods 
nientioiK'd, added to or ni(‘r^(‘d with the two solar 
\olum('s, ])roducin^ the “ sprinji; tides,” to wdiich allu- 
sion has already Ih'imi made. Immediately after either 
of those occurivnces, tlu‘ lunar Aadunu's of waiter in 
(Mch hiTuisjdien' be^in to s(‘])arat(‘ f]*om the solar, and 
they continue their s(*})aratinj;])i‘o);ress until the moon’s 
arrival in “ (piadrature,” when an intiTval of 1)0 de- 
m'ecs Ix'tween the deepest parts of tin* solar and lunar 
\olunies of watiT’ havin'^ been altaini'd, the two lunar 
volunu's begin to a])proach the solar, and continue 
their approach until a mergence together recurs at the 
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time of the moon’s “ poiij unction ” or “opposition,” 
as tlic case may l)o. An<l tluis it would scorn that tin' 
production of “ spring tides ” is tlio otfoct of tlio united 
Influences of tlu‘ sun and moon upon tln‘ ocean ; and 
that “neap tides” occur wluai, in coiisecpience of the 
separation of tin' two luminaries by a distance of 90 
degree's, their attractive power upon the ocTvan is h'ast 
felt. 
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SiXJTION V. 


( ONSIDERATION OK TIIE TfDES CONTINU El). 

'I'll** tiiliil *‘nt‘cls of lilt* s'lliirniiil Imuir inHiioiif** iipoti tin! oi'otin, 
ns iiiiuiir<'sl*:(l on 111** *M>nsls and **lianiu*ls of tin; son — liow of 
Jh«‘ — lii;/li water — <'l)l»inj; lid** — low water- — s»*ini-niontlil> 
vnrlalions — hprin'j; and n*a|> Jidt-s — pr<*|)osi 1 ,ionH into wliitli 
III** sulijcft of I Ilf tid*‘s may In* r«*s<dvod. 

\ \ ai>|)('ar.s, tlieii, Iroiii 11 h‘ iiiaTinor in wliich tlio 
solar luid lunar j)()W(‘r is uxtunnstMl upon iln^ ocuan, that 
t1u‘ watc'i's are so lu'ld in ;t |)('rinaiuMit sttito of suspen- 
sion iluit Ti ^Teat(‘r depth is ini[)arted to sonu' pjirts of 
tliein tluin to otlii'rs — tin' sludlowt'st ])ortions being 
situate at a distJinet' of 00 (b'grt'es from the place 
upon t]u‘ glob(‘ over wliieh tli(‘ sun or moon happens 
to b(‘ v(‘rtit‘jd, Jind tlu' deejx'st parts Ix iiig situate at 
that ])lac(‘ and at tin' diametrically opposite part of 
tlu' globe, those (ba'pi'st parts being alwtiys somewhere 
lu'ar tlu‘ ])lane of tlu' ecliptic. 

Xow, tin' diurnal rotation and the other motions of 
tht‘ glol)(‘, cause' th(‘ diih'nmt pa i ts of the surface of the 
solid etirth, with its river banks and s(‘a shores, to be 
(•ontiuually uinh'rgoing a change' of position relatively 
with that imaginary ('clij)tical [)lane, whi(!h, passing 
through the cimtres of the sun and ('arth, may he said 
to hold throughout all time an immoveable position in 
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tlio heavens ; and, in order to ascertain the state of <‘ir- 
ciiinstanccs produced in cons(‘([uen(‘(‘ of tlu' oc(\ni bein^ 
thus regulated by a power or inlluence exterior to 
itself, it may he convenient that the nature of such 
change of position should be ti‘a(‘(‘d. 

And, first, it is olivious that, in (M)nsequence 
(d‘ the direction of th(‘ daily rotary motion being 
parall(?l with the (equatorial ])laiu‘, wliich diverges 
from the ecliptical plan(‘ to the (‘xti'iit of about 2f‘U 
d('gre(es, that motion must cansf' all [)arts ol* tlie solid 
earth’s surface continually eitluu* to a])proacli towards, 
or to recede from, tlu' [dane of tlu' e(‘liptic in an 
ohlique dlrecilon. 

And, supposing a vast mass of lb(‘ watcTs to be 
ndaiiied by the solar and lunar atli’activi' power in 
such a manner that it is not (.‘arrh'd round by the 
earth’s daily motion, but is so ludd in suspension that 
its (hqjtli gradually iucr(‘as<'s towards (ua taiu parts lying 
near the (ecliptii’al plane, then it is ch'ai’ that, wluui any 
sea coast is, by that motion of tlu* (‘ui th, being carriixl 
round towai’ds a part of th<‘ ('cliptic wln ri* om^ of 
those p(unts of givatest di'pth (‘xists, all the indications 
of a rising tide, must Ik? a[)parent, and all tlios(j riv(*rs 
and chaiiiuds in its neighbourhood, which happen to 
lu* a(K*essible to the vS(‘a, must beconu* partially im- 
]ners(xl in, and (Kxaiph'd by, tlu* dei.'pening flood. On 
the same sea coast arriving os mar (o Hiat part of the 
ecliptical plane as it can reach^ it lias been brought into 
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t]i(‘ (l('c|)( st portioM of* \vat(*r ;K‘cossil)](‘ to it, niid tlio 
plH'noiiiciioji of “ \viit(‘r’' is ilu' rc'sult ; its coii- 
tiniK'd jiro^ics^ bcinii' artcnvjinls in tlio diri'dioii in 
wliicli lli(' \n:i(<’ 1 s (b'crcasc in dcptli, })rodu(;os tlio 
(“ftbci of (‘bbiiii^' lido, and a distance of t)0 dcgri'cs 
from tlio same ])art of tlic (‘clipti(i bcin^- attained, 
“low wall')'” tak(‘S placi*, in conseipuaice of ila' slial- 
lowest portion of wat(‘r Ixanp;* rcaclu'd; and tlie ('artb’s 
c.ontiniK'd motion lluai brin^qs ibo coast again within 

d('gr('( s n{‘ tli(' o{)j)<>.dt(‘ part of tlu' same ])lan(\ its 
approach towards which caus(\s the repetition of an 
a|)[)ai'enlly tlowiiig tide; and a r('curi“(‘nc(! of the same 
(‘Vents follows as Ix'foiv. 

d1v(‘('Heet tluis ]>r()dn(‘(;d, in cons(‘quence of the siin 
and Tiioon botli reising such an inllmauM', be(‘(>mes 
(!ompli(‘at(‘d by tlu‘ niontldy revolution of the moon in 
its orl)it. It would set m that, wlnai that luminary tra- 
vels from its ptKsition of conjunction or o])position, th(‘ 
wat(a s oi tlu' ocean bt nig ailected by the cliange, must 
becoiiH' drawn (uit of tin' spherical shape' at two points 
{fi each kdnisphiT^ mu* (»f them lu'ing at that ])art 
ot our plaiU't s suilace ovm’ which lln^ sun is vertical, 
and tlu* otlua* wlu rt* ilu* moon holds a siimlar position, 
producing altogether foi k apic(\s or points of greater 
d('plh. d1u‘ position of tlu'se four points being d('pen- 
d(*nt on th(‘ ivlati\(* situations of the earth, sun, and 
moon, they an* soiiu'tinu's separated from each other 
by ('(pud intervals of DO degrees, tus at the time of 
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neap tidos ; after wliieli event tlu' lunar volume in 
eacli hemis])]ier(^ begins to approaeli the stdar, and 
continues its a])proach until the two are again merged 
togetlu'r as at the time of spring tides. 

But if such are the eflects oeeasioiu'd in conse- 
([uenec' of the attractive powi'r of the sun and of the 
moon being ('xi'rcised separately, then it would seem 
that, excepting only when the moon hap])ens to be in 
“conjunction” or “opposition,” there must be niani- 
lested daily four tidal alt(‘rnations, nanu'ly, tlu' two 
principal tides produced by the moon’s atlraidive 
power, being those wbicli ar(' actually observed, and 
which vary in the times of tludr oc(aiiTence, and in 
tlu' degree in which tliey are develop(‘d, (lorn^spond- 
ingly with the moon\s progress in luu’ orbh, and the 
two solar tides occurring with greater ri'gnlarity than 
the otlnws, ])y reason of the greater slowness of the 
t hangc in the circumstances on which they de])end. 

Now, although it is an occurrenci* not c-ommonly 
observed, y(^t it is a fact, tliat four daily tides do some- 
times hai)pen in ])laces which are favouiable for their 
manifestation, as at Poole, in J)ors(‘t, and [)robably on 
many other coasts. 

According to astronomical (‘xplanations on the sub- 
j('ct, however, it appears that, by reason of the distance 
of the sun from the earth being immensely greater 
than that of the moon, the solar intluence, as (‘xeaxised 
upon the ocean, is very much less powerful in degree 


I) 
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tlian lliat nf IIh^ otlior luiin’iiary ; and the separate 
tidal nianifcslailon tlience arising is no doubt, tbcre- 
Ibn^ (*onij)arativ(‘ly inoonspioiious and insignificant; 
and it is ])rol)abl(‘ tliat Jiny (‘ffcrt really resulting from 
it is su])j)ost‘d ])y ordinary observers, those, for m- 
sianc(‘, wlio are slatioiunl at the entrances of harbours, 
or wlio are engag(‘d in sea-slion* einidoynienis, to be only 
a (b'viation from f]i(‘ usual ebb and How of the water, 
sueli as v(‘)w fr('(|ii('ntly occui-s in conscHpience, as it is 
fhouglit by tin '111, of tlie wind blowing with greater 
vioN'iiei* than usual from some ])articular quarter, or 
of soni(* otlier supjiost'd (‘X(‘(‘ptional eircumstances. 

Tbe foregoing r(‘niarks, coneei’ning the manner in 
which th(‘ oci'an is affected by the attiuetivo power of 
th(' sun and moon, may 1 h‘ hriefly sumnu'd up in th(‘ 
tbllowing pi'opositions : — 

( 1 ) d'lu' watc'rs surrounding tlie glolio do not, 
supt'iHihilly, exaetly coincide with its Ibrni ; but, 

(‘J) hbey may b(‘ regarded as a partial envelope or 
covering to tIk' solid globe, llie depth or thickness of 
whose' s(‘ve‘ral jiarts vaih's aerording to the position 
whieh those' parts hedd redatively witli the sun and moon. 

(d) Tlu'y are' aftee-te'd by the' solar anel lunar 
attracti\'(' poAve'r in sue-li a nianiie'r that their depth is 
gr.'ater in tbe parts ove-r wliich tlie sun and moem are' 
ve'i-tie' il, anel in the parts diametrically ejpposite thereto, 
than e'lsewhi're, anel is diniinishingly graduated in all 
dircctiems surrounding those dee'pest parts. 
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(4) Thi'ir condition, so tar as it is dcpcndiMit on 
the solar and Umar iiiiiuence, is ptTinanently niain> 
taincd, so tliat tlu' positions of tlndr several parts con- 
tinue nnaltcTcd relatively with the siin and moon, 
notwithstanding the eartli’s dail}' rotation on its axis ; 
that is to say, to the extent (([uite, or nearly) to which 
the waters are aitected hy the sun and moon’s power, 
tliey are not carri(Ml round hy, or in consequence of, 
tlu‘ daily rotation of tlu^ globe. 

(5) Those points or parts of grc'atest dc'pth always 
hold positions whicli are in or v(‘ry near to tlu; plane 
• )f the I'cliptic. 

(()) The daily tidal phenomena are ])roduci'd in 
cons('qu('nc() of the sea coasts and chanm'ls being 
brought, by the daily rotary motion of the globe, 
into successive positions indativady with tlu‘- difterent 
parts of th(‘ ocean so sus])(‘ud(‘d in a condition of un- 
< (|ual di'pth, and }wt hy an actual advance and r(‘ces- 
sion of the watc'rs to and from the coast or place wlua’i^ 
they are observable. 
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(()Nn:K\ixf; soaik of thf ffffc ts KKsrr/rixo froaf 

I IIA l' MOTION OF I’lIK FVRTll WHK'lf 0( ( ASIONS 
TIFF PRFCKSSIOX OF TIFF KQFFXOXl'S/' 

Allhoii^'li vurialiiins in tiie roiulilioii of tlu* oci'iin Jiro 

rauscil liy jiif'nns f)l‘ tin- mrlli’s rrsolution in its niRit, it is 
not liknly dial iUi\ ini purl ant j^culu^ii-al utlects are thereby 
prudiiccd — tin* ulb-ct of “ nutafiun ” nut cunsiib-n'd at present 
— huw the “ preeessiun of the eipiinuxes ” is oecnMoned — ail 
alteration of elimate in all parts of the wui'ld, and an altera- 
tiun ill tin* relative levels uf tin* sea and dr_) land are produced 
liv the same means. 

Tf tlu* ocean is alwtiys retained hi such a condition 
that it ever Inis ji gn^atid’ dt'jdli or volniiK' in certain 
parts lyin^- nt'Jir tlu‘ ecliptical plane than elsewhere, 
and tliat tin' daily rotation of‘ the earth upon its axis 
occasions llu' Jilti'rnations of tin' tidi's, hy (Miiising the 
M il short's and the clnuinels accessible to the sea con- 
tinually to nndt'rgo a change of position relatively 
with that plane, then it would seem to follow, that 
plu'iioniena of a similar character, hut occupying pro- 
port ionatt'ly inort' lengthened periods in their develop- 
luent, must lu' produced in coiisetpu'iice of the other 
motions of the earth. 

lM»r the purpose of considering what alteration in 
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tlie condition of the ocean, if any, is ciiiisc'd in con- 
sequence of the motion of tlu' glohe in its orbit, resort 
must lie had, as in the case of the daily tides, to 
astronomical ('X])lanations. 

It is to he again observed then, tliat the plane of 
the equator, jiarallel with which is the direidion of 
the earth^s daily rotation on its axis, diverges IVom 
that of the ecliptic in which the (^arth pursues its yearly 
jourmy. This well known cmaimstance, usually s2)ok(‘n 
of as the ‘V)hliquity of the eclijitic,” may be otlier- 
wise explained by stating, that the divi'rgc'uce o)‘ 
the earth’s axis from a jiosition of 2)anillelism witli 
that straight line Avhich lii's between tin', poles of the 
ecHjitic (and which thenhm' may be (*alled tln.‘ axis 
of the ecliptic), causes a like nu'asure of divergi^ncc 
between the jdanes of tluj (‘quator and ecliptic? ; and 
that, excepting a minute altcn-ation to he shortly 
alluded to, the poles of the earth (‘ontinue to ])oint 
to th(' same parts of the heavcais throughout thr 
planet's annual revoluti<m round tin* sun. If tin* 
earth’s axis wcto parallel with that of the echptic, 
the diffen’ut parts of tin' ('arth's sui'facc* would not 
undergo a change of position rchitively with tli(‘ sun 
otluw than that produci'd by th(‘ (Tirth’s daily ro- 
tation on its axis, and the variations in the s<jas(jns 
which wo experience would not occur; but, in c<)]i- 
'‘cqucaice of this “ oblicpiity '' or div('igenc(‘, it follovv*- 
that by means of the earth's motion through sjnice, 
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Jill parts of it" surf5H‘(‘ uikUt'^o such a succession (»f 
(‘haiij^C’S oi position rr‘]ativi‘ly with the suii (and als<» 
with tlie (‘cliptical plaiu', hut not involving any angular 
altMatioii relativ'ely^th(“rewit]i), as r(\sults in the yearh 
rocurreiic(\ in tht'ir regular ordi'r, of spring, summer, 
.intuinip and winter. 

As, howi'ver, the condition of the oci'an, as di‘- 
pondenl on the position of tlie sun and moon, is not 
altort'd in eonsrijiu'iKM' of the ])rogress of the eartlj 
in its (u-hit, the ('fleet lik(‘ly to n‘sult from that motion 
is, that the mass('s or volumevS (jf water produced by 
tb(‘ sun’s influenr^e an* madi* to n'volve once round 
tin* glohe in the course of each year (their a])ie(.'s 
nr (h‘('p(‘st parts l>eing always in the plane of tin* 
(‘oliptic). in the sann* manner as the masses or vidumes 
nf wat(‘r produced by the moon’s intlueiice are made 
to perform tludr monthly n'vohition. Ihuice it is 
in !»(' ('\[)ected that sonu* variation in tin* tidal effects 
would become manifest in the course of the year. 

rsbov, it is observed by p(‘rsoiis stationed at soim* 
harbours’ eiitrane(.‘s and pier lieads, that in the coui'Se 
of (*\my year then* does occur, at two corresponding 
p(‘riods, a How of water of grt*atcr height than any 
that happens at interiiu'diate times. It wmuld seem 
tborefon*, that the effects which actually occur, al- 
tlioiigh not very cimsincuous as i-egards th(*ir amount, 
ooiiicide wdth those which are dc'ducihle from astro- 
comical themy. ]5eing, however, of frequent and 
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r(‘^ultir recurroiic-o, they do not admit of tlo^ suppo- 
sition that the condition of the ocean bod is ])onna- 
nontly affocti?d by tboin, or that any important 
i!f('ological results arc' produccxl l)y tlumi ; and, lliero- 
foro, they need no furtbor consideration at tliis stag(‘ 
of the inquiry. 

The motion of oiir globe tbroiigb space' is subjectc'd 
to certain disturbing intliumces whereby otlu'r motions 
are apparently ongendere'd, the most impoi*tant of 
which arc manifested in tlic ‘^nutatb)n of tln^ I'artb’s 
axis and in tlu^ “ pn'cc'ssion of the ('quinoxes.” 

!N^o very oons])icuous change' in tlie h've'l of the' 
sea relatively with the dry land is ohservabh' within 
tlui period of any one occurnaice^ of ilu^ plu'tioim'non 
of ‘‘nutation.” Nevertlu'h'ss, it seems probable, that 
the motion whiedi produces it occasions some alteration 
in the ocean’s condition, espc'cially in causing a varia- 
tion in the direction of some' of the grc'at oceanic 
e’UiTC'iits. Whatever may be its (‘ffinhs in some' r(‘- 
s})ects, however, its continual iTcurrence' at compara- 
tively short int(Tvals, rc'uders it unlikc'ly that any 
])ermanently abiding geological ri'sults proca'cd from 
it, and, therefore, no discussion as to any alti'ration 
of circumstances to which it may give rise' will b(‘ 
here entered upon. 

The most important motion of the c'arth which 
bears upon the inquiry in hand, is that whicli o(‘(?asions 
the “ precession of the equinoxes.” As previously 
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(‘X]ilaiii(‘(l, it is in coiisequonre of tlio earth’s axis 
hciii^^ oth(‘rwis(i than parallel with tlie axis of the 
(‘(*lij)ti(^, and of eaeli poh' of the earth’s axis, respec- 
tiv('ly, being dii’('(de(l exae.tly to the saim^ point in the 
heavens tliroiighont every revolution of the globe in its 
oi*l‘it ((‘xe(‘fjting tlu' alt(Tation wliich oeeasions “nuta- 
tion” and “])r(M?(*ssion”), that the annual variations in 
th(' s(‘asons expcaicaiced in all ])arts of the world arise. 
Th(‘ aniomit of tln‘ ])r(‘S(ait angular div(M’g('nc(' of th(‘ 
earth’s iixis from a position of paralhdism with that 
oi“th(‘ eeliptie, nanudy 2d"'2(S', is of course' tlu' measure 
of angular s(‘])aration between the ('(juatorial and 
('cliptical planes. 

Th(‘ “ prc'cession of the (Mpiinoxe's ” is said to 
consist ol‘ a re'gn'ssion of the' ('([uinoedial points along 
th(‘ line' of the' ('cliptic, and to l)e occasioiu'd in con- 
s('(jiu‘U(‘(‘ of a hind of oscillatory or conical motion 
of ih(‘ ('arth, ANlu'rehy each of its polc's is made to 
descrilx' a circle or edher figure in thi^ heaveais at so 
slow a rate' tliat a pea iod of about twenty-six thousand 
yc'ars is consunit'd while' eady erne' such reivedution is 
perlorme'd. 

In some Avorhs u])e)n the suhje'ct, it appears to be 
aiHrnuHl that the ])e)le.’s e>f the earth, Avhile })erforming 
tliis slow re'volutie)!!, I'Aer e*ontinue te) re'tain the same 
angular elm'rge'iice from the pede's of the ecliptic, and 
it se'eans to have hee'U theoretically concluded that the' 
j)lane e>f the' circle thus represented in the heavens ])v 
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either pole of the earth must he paralled with tho 
plane of the eelij)tie, and that the mc^asure of di- 
vergcaice hetwc'eu- the ecliptical and ('quatorial plain s 
does not vary. 

Now, for this oeeasion, regarding the axis of tho 
ecliptic, as being iimuoveahly fixed in the centrt' of tlu' 
earth’s orbit, and of course at right angles with tin' 
ecliptical plan(‘, it ajipears to he absolutely iniposslhh', 
if the dinrtion of the earth’s axis in space Ix'conK's 
thus altiTcd, that the same ineasun' of di\'crg(‘nc(‘ 
from a position of parallelism can he constantly 
maintained hc'tween the two plaiu's. 

If, for instance, in conse(pienc(' of the conical 
motion of tlu' axis of the earth, then' is thus di'scriln'd 
by each pole a cii’ih' whose' semi-diameter is nieasun'd 
by an angh' at the t'arth’s centre of 2d ' 28', it certainly 
follows, that when half that circle is complet'd, ('ach 
])ole must have alten'd its position in spacer to th«' 
c'xtent of twice tluit measure, nanu'ly to tlu' extc'ut of 
th(' (lianiett'r of that subordinate chch'. The ('arth’s 
axis in relation to the pole of the ecliptic, and the 
})lane of tlu' (‘qiiator in n'lation to the plane of tie' 
('cliptic, must thus have undergone that degrei- of 
alteration, and hence it must have Inqipened, tliat in 
the course of the period occupic'd in the 2 >erfoi'niaii(*(^ 
of that half revolution of each ])ole of the earth 
(namely in about thirti'cn thousand years, or n'volu- 
tions of the earth in its orbit), the equatorial })Ian(' 
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must ]uiv(' ^^radunlly upproacJicd tlu' c'ull])tl(*{il until it 
coincided willi it, and t]i(*n have as gradually separated 
from it, until it had attaiiKnl the same ano-ular divor- 
^(‘n(‘(i of 2^"" 2<S . Tlu' ])ro1)ahility sccmis to be that, 
inst('ad of d(‘scril)in^ a circle ‘ in the h(,‘av(‘ns, eaeli pole 
of lh(‘ ('arth dt‘sci il)(‘s an ellipse. Tlie result produced 
must nearly resemlile that wliich would occur if tlic 
<‘arth ])osscss('d a dina-t oscillatory motion upon an 
axis ])assinjjj i]irc)u^h its centre* at rii»'ht an; 4 ;les with the 
axis of daily rotation. 

Tn such an alte^ratiou of position I’clatively with 
<h(' surroundinji,’ lu'avens, and wilh th(' ecliptical plane, 
all parts of tlu‘ solid earth’s snrfaea* must of course 
have* participated, and vxovy re'gion of the ^‘lohe must 
thus have experieaieed very (‘onsiderabh; thou|^h very 
i^radual (diangc's of (‘limatal condition. And, supposing; 
that the watc'rs which <‘tiv(‘1o])(‘ tln^ (*arth an* affected 
by the solar and lunar influences, in the manner 
piH'viously descrilx'd, the surface of tin* s(‘a and that 
of tlu' dry land, I'ach r(*latively Avith tin* other, must 
also have undergone change's of ])osition of a most 
de'cieled e'haracter. 

Om' of the most palpable^ effects causc'd by the 
lotatiim of the e*arth u])on its axis, is the continual 
change of position which is unde'rgone, during the 
tilin' occupie'd by a single revolution, by the differemt 
parts of the earth’s surface re*lative'ly with the sun 
and tixe'el stars. The slow motion of the e'arth under 
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roiLsidoratioii must of iieoossity produce' a (4iaiiL»*(‘ of n 
similar character, the motion bi'ing of course in a 
•dith'rent direction. Altliough it is so slow and ^Tadual 
ill its development as only to he i‘apal)l(' of dedection 
alter repeated scientific observation, yid it is as certain 
that it must cause the differeait parts of the eartli’s 
surface to change their situation in regard to the 
surrounding heavens (or with the plane' ol‘ the e'cliptie* 
which amounts to the same' thing), as that siu'h an 
effect is prejduced hy the earth’s daily I’otatie)?! on its 
axis. 

On th(' one> hand, Ihe're'lbre', stanels the' hypothe'sis 
deducible' from the astronomical e'X])lanatious of the' 
tieles, that the' vast e;olle'e‘tions of wate'i’ upon the^ glohe' 
are, hy the solar anel lunar attractive jieiwe'i*, re'tained 
in such an ever abiding eonditiein, (1) that they jier- 
manemtly [lossess a shape whiedi doe's not e'xacdly 
e'oine'ide Avith the shape of the globe itse'lf, and (2) 
that tlu'ir di'ptli is diminisliingly graduate'd in all 
elire'ctions siirremnding ce'rtain parts e)f the'iii whie'h are' 
e'vcr re.'tain('d in situatiems in eir ue'ar the* plane' eef the* 
e'cliptic, neitwithstaneling the various nieitions of the* 
e'arth, including the mediem Avliiedi eeccasions the* “ pre*- 
e'essioii of the ('e(uine>xes.” 

On the* either hand is the fact, that redative'ly with 
that plane, and therefore Avith the deH'jie'st and either 
jiortions of the e'arth’s AA'ati'iy e'UAa'lo])!', thej dilfe're'ut 
parts of the gleibc’s surface, inclueling continejnts, islands, 
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(M)iists, (‘iKiniK'ls, and sea Ix'ds, are slowly and gra- 
dually undergoing a change of position. 

From tli(\s(‘ premises it is certainly to he concluded; 
tliat in conscMpience of this oscillatory or conical inotion 
of the (^artli, “ changes of level ’’ are occasioned 
])etw(‘en tin; land and th(‘ sea, ea(^h rt'latively with 
oth(‘r, in such a maiima’ that ('very coast and chamn'l 
ol* tlu' sea gradually eitln/r l)('(‘omes more dee])ly im- 
m<'rs(‘d in, o]' is made to emerge further out of, tlu' 
water in its neigh hourhood. 
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\S K) WIIKTHKH TTIK PUKMOrSJA' rc^NSlDKKKI) ('llU l’M- 
S’l’ANC FS ARK srPFU'IEXT TO A('('OrNT FOR TllK 
PAST ‘‘CTIAN(JKS OF FFVFL ” 1M)U’\TF1) 

PY TJIK earth’s ( RFS’I'. 

'The in(:‘([Ua]ity of the ocean's (lei>t.li, as uianifesh-d in tin; daily tides, 

is not Riitlicicnt t<i a for those “clian^^cs of le.vcl (ho 

daily tides show how thi' ociaiu is atliMdiMl hy lli'> inllntjin’o nf 
the sun and moon, hut (Iioy do not indiento (lie total difference 
ill t!io etfocts resnhin}^ from that iufhiene(> at. different parts of 
the j^l(d)o -tlie fact tliat some (duinj^o of h‘V( I is prodiu*ed h^ 
tilt; incaiis descrihed, eoustitutos a stron^^ pj'ifnu fade reason 
for eoiieludiiif^ tluit tho idiau'^es revealed hy j^^eolo'jfy wm’c 
tlins oceasitmed — other eircuinstauces alleetinj^^ tlie (piesfioij 
stroii^dlien that eonclusitm — dilferouce hotwt'eu tin; leuf^Mh of 
tlie earth’s diameter at the tMjuator and at tlu' [)(»h\s — fhe oift.'cf. 
upon tlie ocean of' tlie earth’s daily rotation on its axis, and 
of its motion in its orbit — the irre.i^ular eon fij^n ration of tlie 
earth’s surface — the ovidenci; afforded hy tlie inpn'oiis n/cks— ■ 
their structure, fossil contents, and siipm licial eon(i;;ural ion — 
the conclusiuii dcducihle from (he various circumstances (>nu 
inerated. 

T'l' IS, tlipii, certainly doinonstraltlti from astrono- 
mical explanations (1st) that, notwithstandine* the 
various motions of tlie gloh(‘, the watt'vs suiTouiiding' 
it are always retained in sncli a comiition that tln^ 
are deeper in certain places lyinj;' in or lU'ttr the 
ecliptical plane than elsewhere, and that their dt'pth 
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j^nidually diiiiiiiislK's in all din'ctions survoundmp: 
those d('(>|)(st ]):nis to tli(* distance of 90 degrc'cs 
th(‘refroni ; and (’ind) that the daily tidal manifesta- 
tions occur in (*oiis(M|U(‘nc(‘ of that inecjuality of d(‘pth, 
and of th(‘ diiMction of th(‘ ghdie’s daily ‘rotary mo- 
tion h(‘ing otherwise* than parallel with the eediptieal 
[)lan(‘. 

It is further as ci'rtainly (hanonstrahlc that the 
change' in the' [)osition of the (‘arth’s axis, which 
occasions the' “ [erecession of the e({uinoxes,” causes 
th(‘ h'vel of tlie sea, and that of the dry land, to he- 
coiiK' alt(T('d, th(‘ OIK' n'latively with the other; and 
that such alteration of 1(‘V(*1 is jm'cisely of the same 
kind as that of wliie'h tlu' daily tidal alte'rnations con- 
sist, hut is so slowly [)roduc(‘d as only to hi'come con- 
spicuous afti'r very k'ligtheiK'd jH'iiods have elapsed. 

And it I’eiuains to he <*onsidered whetlu'r it is in 
conse([uence ol‘ those' circumstance's ((^omhiiu^d, pos- 
sibly, with otlu'rs to he* alhah'd to) that portions of 
th(‘ earth’s sui’face which wei’e iornierly suhiiK'rged, 
have hcronu' fornu'd into dry land, and raised to va- 
rious altitude's above' the sea le'Ve*! ; the extent e)f such 
e'levatiem re'aching, in the* (*ases e)f some mountain 
peaks and ridgc's, to nearly live' mile's ed" perpendicular 
height. 

( d course', it is not inteneleel te) he here aflirmed, 
that the elillei’ence' he'tween the various observed tidal 
elfe'cts at any one ])hie-e u])on the globe, or between 
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tliose wliicli aro nianifestt'cl at (HftVnait places, is sulH- 
ciont to account for those' much ^•rc'ati'r changes of 
l(‘vel under consideration ; for it is ch'ar enough that 
the greatest amount of any such diHereiuie is vastly 
too insiguiticant to ex])lain them. The greati'st oh- 
served amomit of tidal effect occurring at any one 
place, as at the l>ay of f'uiidy, for instance, wlu're tlu^ 
apparent flow of wati'r reaches to 120 feet, would, 
(‘vidently, he (piite inadeepiate for tlu' submergeaicc' of 
the most ordinary of tlu' innumerable hilly proje'ctions 
that exist in eveiy ])art of the world. And tin; diffia‘> 
(‘uce’bc'twec'u tlu' daily tidal effe'cts at dilfeTont place's, 
would he still more insiifticie'iit for tlu' purpose. 

Although the' inaniuT in whieh the iidluemce' of 
the sun and moon is exe'rcise'd upon the ocean is un- 
mistakably indiesate'd i)y those elaily tidal manih'sta- 
tions, it by if?) nu'aus follows that the full nujasure; or 
amount of that inllueaice is then’eby sliown, elthea- di- 
re^ctly at any one* plae*e', or coni])aratively as be'twe.'en 
dilfereait place's on the globe*. Tlie^ ('xteait to wbicli 
the attracting ])ow(?r of those luminarie's affects the 
waters of the oe;e‘an has not in fae*t bed'll yet ascc'r- 
tained by nuTi of seaence ; and, be'aring in mind how 
numerous and conijdicate.'d are tlie earcumstances 
which must form part of any e^ousideration of th(3 
e)ceanie (‘ffects re ‘suiting in conseepience of the eajth’s 
axis being altere.*el in the manner pointed out, tlie* 
subject seems hardly ca])able of an ahsolutejly cxtict 
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(*01 Illusion by irK'iins of any rigid scientific calculations 
or data. 

That an alteration in tlu' relative levels of tlie land 
and s(‘a is occasioned in cons(‘qiiencc of that (oscillatory 
motion (of the earth whi(di has been described, seems 
to IxM'iKoontrovertibb' ; and, althougb tlio exact amount 
of it cannot b(i calcidated or absolutely (hdcTiiiiiied, 
V(*t the fact that such an alhoration is thus occasioned, 
of its(‘lf (*onstitut(*s a wry strong prlmd fucie reason 
Ibr b(.‘li('ving that those gn^at changes of level which 
wiv shown ])y tlu* (‘ondition of the eartli’s crust to have 
taken jibuM', and whi(;]i form the subject of geological 
in([uiry, were produced by that moans. Hut when, in 
coiuK'xion with that fact, flu* numerous otlu*!* circum- 
stance's whicli affect the ([imsfion are taken into C(on- 
sid('ration, it semns impossible' to conchuh' otherwise 
than that it has b('('n, by means of the astronomical 
jilienonienoii just alluded to, that those change's of level 
have occurri'd. Tlu' following are sonu' of the circum- 
stan(’('s which ap]H'arto stn'iigthen that conclusion : 

(1) The globe’s e([uat()rial diameter t'X(.*eeds the 
polar by no h'ss than 2() mih's, and theri'fore its form 
in ('(piatorlal regions projeT'ts bey(m(l the outline of a 
ivgulai* sphere to the extent of Id mib's. It is tlicnce 
('N'id(‘nt that, as that mass of protuberant mattf'V is 
(listi’ibuted in some ratio over each luuiiisphere, reck- 
oning from the e(|uat()r to the poles, the distance' from 
tlu' centre of the earth to its surface (or from an 
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iuiag'iiuuy outline witliiii tlu' rarth (U'scribinu; the 
periplieiy of tlie oxact spluTi^j (liiniiiisli(‘s in tiu' avor- 
af'O ratio of aljoiit one mile' in (‘vory s(‘V(‘n (l(\i;iv(‘s of 
latitiKU'. Now, as tlu^ slow and j^radual altiM’ation in 
angular dIverfi;onc(‘ wliitdi tlio c'artli’s axis is ovc'r nn- 
dc'r^’oin^’ in n'lalion to tln^ ])ok‘ of tin' ('(‘liplic, caiisos 
all ri'^'ions u{)on tlu' g'loko to bo siimiltaiu'ously oban/^od 
in position itli ndbronca* to tin* various [>arts of tbi‘ 
A\'at('rs surrounding- tin* ^lobo, wbiob ar«‘ lu'ld oi* sus- 
poiub'd by tlu^ solar and lunar inlliU‘iu*o in a. oon<lition 
of uiUHpial d('])tb, tli(‘ ])osition of this protidx'rant 
mass of maltor must also Ix'conu' chan^'t'd \siib rt'fcu*- 
oiico tbondo. Its an^i^b' of inclination towards tlu' 
o(‘li[)ti(*al piano (‘itlua* ino.ri'asi's or dlminlsla's, and 
larg(‘ portions of it an' iborofnn' bt'inj^- constantly, 
tliouj^-b very ;i;radually, (‘itlu'r brouii;lit lU'UiH'r to oi- 
fui’tlu'r frojii situations wliori' tbt' attract [)o\\('r of 
the sun and jnoon over the waters of llio oc('an is ('x- 
oj’cis('d to tlio ;^i-oati‘st oxlont. Tills cinaunslanci' aloiu' 
must causi.! tin* (‘oiiditions undoi’ u bicli I lie miim rous 
inlliu'nocs alfi'c.tin^' llu' ocean an' (‘xercised lo becouK' 
gradually altoi-(Ml. J>csidrs modii>, ini;- oi- alh-riii;^- tin; 
oxtc'rior shape of the (‘iilire jiia.ss of water with wbudi 
tin' globe is siiiTouinh'd, it Juust surely have' tin; eifect 
of pt'rmam'iitlv increasing* or diminishing tin' distanci? 
Ijetwc'i'ii the si'a la'd and the sea surface in evi'ry ])a]‘t 
of the world, and of causing sonn; sea coasts and 
cliaiinels permanently to rise further above tin.' sur- 
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fjKM* of tlu' :nul otluTs to Ix'conie more deeply 
iiiniKTsrd it, to a far <j:;reattT extent than is 

iiKli(‘:ito(l 1)V any ni(‘i*('ly tidal efteet wliieli is mani- 
idstrtl l)V rea^oTi of the daily rotation of the ^■lol)e. 

(‘ij In a. fonu(‘r s(‘(*tion of tin's treatise, thc' (‘artlds 
slia])(‘ and tln^ i;;'n(‘ons ” (diaraotc'risties of the nether- 
most ])oi'tions of its (‘iMist have he<‘n rcdVi'nMl to, as in- 
dicating’ tliat tlio nnihadals of ivliieh onr ])lanet is eorn- 
])osod \v('r(‘ in a fus('d and duetilo or plasti(‘ state; and 
that it was not until tlnw had, at th(^ surface at least, 
mad(' c(»nsid('rahl(' pr<\i;-r(‘ss toi\'ai’ds r('fiyi’’eration, that 
tlnw (s*as(‘d to h(‘ inllinaiciMl hy tlu‘ diiirmd rotary 
motion, and that tluM'arth’s ohlah'-sjdieroidal form was 
Hnally and tix(Mlly attaiiuMl. ldi('S(‘ (arciinistane(\s sc'cmi 
to warmnt th(‘ intcrciUM', that tin' ^Ti'at body of water 
with vhich tin' ylohi' is siirrouinh'd l)('(*am(‘ fh'jiosited 
suhs('(jn(‘nlly to tin' time wln-n tin' i;doh(' itself laid 
thus ac(|uir('d its pr<"«'nt form, and thercfori' that, 
irr('s])('ctive of any iiiHiienci' the snn and moon ex- 
('I’cist', it is, h\' nu'ans ot* the diurnal rotation, a(‘(ai- 
malated in ^'rc'ah'r depth in ('<juato)'ial rc'^-ions than 
('ls('\N hell'. Now, although any deejM'v accumulations 
of watei’ *ahont the e(|uator must, so far as they art' 
tlius caus('d {unllk<’ tin' iiu'quality of d('pth occasioned 
hv th(' sun and mooul, continin' to hold tlu'ir plac('s 
upon the ('arth, notwithstandini;* the ])osition of tlu' 
t'arth’s axis Ix'comes clmua-ed in the manner pointed 
out, yet it is diliicult to imagim' otherwise tlian that 
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tiny Biust (‘iitor into coiiil mini ion with tlio I'ilocts ])io- 
(lucecl ly tlio other iniincnees to whieli the oec'nn is 
snl)je(‘te(I, nnd tli nt tlie <*niisi\s to wliieli tlu' ^reat geo- 
loi^ieal ehnni;('s of Iiat'I an' (hu\, are thus very eon- 
sid(Tahly enhaiu‘t'd. 

(>]) Anotlu'r ])rohahl(' (‘aiise, quiti' indcqa'iident 
of any other, of the \vat(‘rs of tlu' oei'an hcniii** ixt- 
nianently aeenniulahxl in ^■n'ah'r d('])th in sonu' jinrts 
than in otlnu’s, is th(‘ motion of the i^lolx' round ilie 
sun. Wlintever may Ix' the imnnu'r in wliicli tin* 
(‘arth’s p^rnvitatioii or attractin';* ])ower upon tlu^ (ux'an, 
in overconiin<»’ or nullifxini;* the centi*ifni;‘al im|)uls(‘ 
caused by the diurnal rotary motion, is ('xercised, it 
s('ems liardly comx'ivahle that tin' vast rapidity with 
whi(.*h the globe is propelleil in its orbit can fail to 
impart a grcniter dejith to sonn' ])arts of tin* ocnan 
than that ly w hich othei* parts of it arc* charact('ri/(Ml. 
It sec*ms tlmt the eth'ct of the centrifugal impulse* im- 
[larted hy that I’ajiid flight thi’ough sjiace mast lx* to 
concentrate tin* wat<*r, i.c., to cause' it to collect to an 
increased extc'iit, in that part of tin* globe which lies 
outside* its orbit, and i^ opjiosite to tin* sun, and, more* 
particularly, in n'gions lying iii (»r lU'ar the c'c.liptic'.al 
plam*, wlu'iHM*, in a direction at right angles with that 
])lane, tin* (h*])th of waiti'i*, st) far as it is din* to that 
cause, must gradually diniinisli. The cons('(pn*nc(‘ of 
the ocean being thus afFect(*d must Ix^ the prodmdJon 
of wliat may lx* paraeloxically desciihed its u .sta> 
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tioTinrv “wave ” of wah'r, :i position in ])art 

idfMitical witli tliat occnpiod ])y tin' voliinu' or collec- 
tion of \\'at(‘r indii'cctly raused Ly the sun’s influence, 
alliid(‘d to in n pievioiis s(‘ction of this tn^atise. Like' 
that solar mass or yohiiiH', this wave must ('ver continue' 
to hold the' saiiu' place* with rc'fe’re'Uce, not to any par- 
tieadar ])art of the se)lid ;;lohe' hut, to the* surrounding^ 
he'avciis ; and as it do("< not participate' in the)S(' ediange's 
of pe)sitie>n re'lative ly tluTeAvith, whie*h all parts e)f the 
solid ('arth’s suiface* unde'i\t»’e) hy re'ase)n e)f the an[»nlar 
elive'rp'ue'e* e)f the' ('jnth’s axis re'lative'ly with the' j)ole' 
of the* ecliptie* heiiii*- i]le‘r('a^ed eu’ elimiui'^he'd, as the case 
may he*, it must, to a ve'iy e‘emsid('rahle exte/nt, he con- 
trilmti'e* to that ae'iu'ial e'emelition of the* e)(*,ean, to 
which the* <i;re'at change's e)f h've'l unde'i* (‘e)nsideration 
are' due*. 

(1) Anel if, hy me*ause>f influe'uce s whie'h are' e'X- 
te'i’ie)]' to the* e'urth, auel are' e'xe'rcist'd ce)nstantly and 
iuvariahly as I'e'uarels hoth theii* ameeuiit e>r foi’ce and 
the* j) 0 '^itie(U e»f tlic se)urces wlie'iu'e' the-y e inanate*, the 
water sui’reuindina* the* i^le>l)e', ri'a*arde'el as an ('iivelope 
to it, (lille'is in sha])e‘ from the* i»e'iu'ral shape; e)r outline 
e)f the* <>le)he*, anel is pe'rnunie'iitly attraedc'e! e)r elrawn e)ut 
into ivre'ut masses in seuiu* re'^ieiiis, tlie'u the' J^reatl} 
varie'el e'haraete r eef the* e'arth’s supe'rfleaal e‘e»nflt>’uratiem 
is a e'ircumstance’ w hie*h must, in some iiu'asure, help 
to ])reKlue'e; those a:e'ne'ral re'sults which constitute the 
change's e>f leve'l in e[ue‘stion. If, fe>r iiistjince, a part 
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of the earth’s surface wluTe tlu're exists a (h'pressiou 
of great (le])th and ar('a is, l)y the oscillatory motion 
which eaus(\s the precession of tlu' ('(piinox('s, brought 
into a position where those' exterioi* intluenees ii])on tlu' 
ocean are exercisc'd in th(‘ h'ast degive*, and when' an 
elevated part of the (‘artlTs surface was pn'viously 
situate', tlu'ii, by nu'aus eef the' e'arth’s gravitation, an 
alteratiem must be oe'casioned in the ge'iu'ral e'onelitieni 
e)f tlie water on the gle)be'. A ])ortion of tlu^ wate'r 
will be'eHune transferre'el from one' situation to another. 
The de'jm'ssion, althemgli in its alte're'd sit nation lying 
unde'r a fai’ h'ss ele'])t]i of wate'r than that whieh ]>re- 
viously e'ove'red it, will nanain j)artially occupie'd by 
water. Although its sieh's and the e'levations which 
bemlor it may be laiel bare, its bed and h)W('r portions 
will continues e)e'(nipie.'el. 15y that ehange' in its situa- 
tiem, there'fore', it will have' dra\\n otf wate'r fi'om otln'r 
regions. On the olhe'r hand, by the* re'Uioval ot an 
e'levate'el n'gion of the' e'arth’s suifae'c, possibly not 
pre'viously subme'rge'd, to a. ])osition whe're' those e'x- 
terior intlue'ne?es u[)on tlu* oe*e'an are* more' p«>werfiilly 
exe'i’e'ise^d, it may not only be'e-ome' subnu'rgeel, or sub- 
mergexl bene'ath a gre'ate'r de'pth of wate'r than that 
under whiedi it ]jre*viously was, Ijut be' the' me-ans of 
displaeang a, large boely e>f wate-r, and h'aving it fre'e? to 
eibew the powe'r of tlie' e'ai'th’s giavitation, and to ilow 
to aimther situatiem. Or the* e'onverse' of tlu'se' e'lfe'eds 
may be produce'd. Hy the' removal of a dee*]) eh'- 
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|>n‘ssi()ii ill tlio ojirlli’s surfac(\ possilily not previously 
oceiipied liy to a situation wliere those exterior 

ir)flu(‘nc(‘s are exereisi'd in th(‘ greatest degree^ the re- 
sult will !>(' a greater d(‘])tli or aeiMiinulation of water in 
that region than previously existed tliere, and water will 
thus 1)(‘ displa(‘(‘d from otluT regions. Anel a similar 
edieed would follow if a comparatively cde'vateel district 
lying unde‘ 1 * a shallow covering «)f water were* replaced 
l>y olio ot a moi't' (de‘vate‘el eliaraedei*. In all such 
<*vents, the sujierticial iiuMpialitiess eif the globe, ^om- 
hine'd with the' edloids ed' the* eiirth’s gravitatiem te) 
e'.Ntahlish a state* of e'epiilihrlum, must he prodiudive of 
a (‘ontinually progre'ssive* meKlitu-atioii eir alteu’atmii in 
tin' ge'iu'ral e'ondition eif the^ waters e)f the* oe;e*a,n. 

To the loregoing consieh rations the're reanains to be 
added the* e'viele'uce atfordeel by the* ae{ii(' 0 UvS rocks 
tbomselvi's, whose* struedure* anel supe'rtiedal cemligu- 
ration, as wedl as semie* of thedr feissil conte nts, plaiidy 
inelicate* that tlu*y ha\'(* l>e*e‘U produceel bv eijieratmiis 
ivscanbling, in eharaeder, tlmse* whiedi must have re- 
sulteel ti-om the astronemiical causes described. In the 
following page's an atteaiipt will be* maele to trace some 
ot tlrnse* preibable* operatiems. Tlie evidence aftbrded 
by their results may be brieliy stated to cemsist of the 
following ite*ms : (1) “Changes e>f level,” exactly re}- 
se'nibling those which are theoretie?ally deducible fremi 
astronomical explanations, are known to be actually in 
progress in many parts of the world at the present 
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time. (2) The uiidisturhod iiiaiiiier in vvluoli, for 
tlie most part, oiio strutum I'oposos upon aiiolluT, 
shows tliat the sediment of M'hieh tlie a(jutT)us roeks 
are composed was deposited when the underlyinjjj 
surface was in the very position of horizontality whicli 
it now holds, (tl) The contour of tlie present dry 
land has just the character that would have been im- 
parted to it by such a [gradual eiiKTi'caice ahovt' tlu‘ 
water, as must have been produced by tlu' inolion 
which causes “ preccvssion.’’ ( f) .By Jiuiny of tlu' iossil 
contents emheddc'd in tlu‘ a([U(.‘ous I'oe-ks, it is (‘(‘ifaiuly 
indicated that the sit(‘s of tlii'ii' s<‘pultuj‘(‘ hjiv<‘ un- 
dergone alterations of cliniati’, such as must have* 
resulted from the angular div(‘rg('nce of the (‘arth’s 
axis relatively with the pol(‘ of the (‘cliptic having becai 
altered. 

The (question is, then, are the various circumstances 
Avhich have been enumerated vSiiflicient to justify tlu' 
conclusion, that the unmistakable indications which 
the crust of the ('arth presents, of its sujface and lh(‘ 
surface of the sea having been altered in position, each 
relatively with the othei*, luive bc'cai occa.sion(‘d by 
moans of the oscillatory or conical motion ol‘ tlui (‘ai’th 
which causes the “precession of the equinoxi^s ’’i' 

If there* were no independeait g(M>logic.iil n'asous for 
believing that, since the formation oi* the a((ueous 
rocks, the earth^s crust all over the world has not been 
subjected to fickle and indiscriminate upheaval, by means 
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of su])t(‘rr;ni(‘nn volcanic force, and if tlio astronomical 
o(‘ciirr('nc(\s on wliicli tlic liypj)tlu‘sis advanced in this 
tr(*a1is(‘ is fomi(l(‘(l, w(tc insniricicnt to account for the 
stato in which thos(‘ rocks an* found to exist, even in that 
case it would seem mor(‘ nsasonahlo to attributes the 
“ (shaiui^es of h've'l,” which manifestly have occurred, to 
some* ^^raOu.'d altoration in the' circumstances h}^ wliich 
tin* condition of the* ocean is d(‘t(‘rinined and rc'gTiIated, 
ralluT than to such re'cent volcanic agen(;y. 

As, liow(‘V(‘r, it is c(‘rtainly inf(‘ril)lc from ex- 
])lanations given to us hy astronomers, that in some 
parts th(' wat(‘r surrounding the globe is permanently 
(M)ll(H*.t(*d or mass(*d together in greater depth or 
(juantity than it is in otlnu-s, by influences which arej 
(‘xt(*rior to tlu^ globe, and whie^h neveu* remove far 
from oiH* stjitionary plane, tluTe cannot be a doubt 
that, in cons(‘ipu‘nc(' of that cir(*unistjince, and hy 
means of tlu' motion of the i‘arth which occasions 
“ pn^ce'ssion,” tin* positions of the solid earth’s sur- 
face^ in (*v(*ry ])art of the world iiiKh'rgo a gradual 
alhu’ation r(*lativ(‘ly with the surfice of the sea. And 
although the extent to which the Vleis affected 

by tbos(' indmaici's cannot he e;>^itly calculated, yet 
when tlu* unmistakahh' (ndchuices wefch are furnished 
by tin* a(]ueous rocks, and indee<l by the entire known 
portioTi of the ('arth’s crust, are also taken into con- 
sideration, th(' conclusion s('ems to he inevitable, that 
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tlio astroiioTiiicnl (K*(‘iirroii(‘Os which liavc hcvn disciissiMh 
arc amply sufficac'iit to aocoimi for those alterations in 
the relativ(‘ positions or levels of the land and s(‘a 
surfaces whi(*h form the snhjc'ct of geological impiiry, 
and whic>h have amounted, in soiiici instances, to as 
niiicii as thrcH' and four, and ov(ui five miles of jx'r- 
pcmdicular height. 
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IKK MODK IN WIIK n TIIK rOMTlON OK THE EAKTiCs 
Sl’HKAKE HK(()MKS AETKRKl) liELATlVELY 
WITH THE SI HI ACE OK 'HIE SE\. 


Tin' jiio(l<‘ ill which tlu* altcialiniis in Hu* ri'intivc* levels el' hind 
jmd occur illushiited )•> iiieans of u leirestriiil ‘^dohe — 
tlu* eliuii^u* of level juodueed in consei|iience of tlu* ('arth’s 
daily rotation on its nxi>, — the jierniunenl change of level re- 
sulting hom tlu* luotiou which causes tlu* iirt'ci*ssiou of tlie 
* (iuiu«tx(*s — cha.ngi* in tlu* rehiHvi* levt'ls of tlu* coast, and the 
sea at l>oi*deaux — on tlu* noilhern sliores of luiroju* — at the 
wt*st. coast of (ire«*nhiiid aiul otiier plac<*s, including the 
channi‘1 of theT’lunues ujiwards from the Noi’o — su(*h (*hiingt*s 
a,)-e continued hy the indications atVorded !>> fossils, of 'ditlerent 
parts of tlu* world hasing e\[u‘ri<‘nci'd alterations of climate, 
such as must ha\»' resultt d fnuu the position i>f tl>o eartli’s 
axis being altend — Hugh Miller's opinion as to alterutions of 
cliinat*-, and tin* evideiuu s referred to l)\ him of tlu* liritish 
Islands ha\ing ht*<-n submerged lieneath tlu* si a in former 
tinu*s. 

It hits bt'cii argued Jii tlio pri'ciMliiig si'ctioii that it 
is by means of that slow oscillation or conical motion 
of the (‘arth wliicli occasions tlu* pri'ct'ssion of the 
('^uiiioxes, and in conseipienct* of tlu* water surround- 
ing the globe ht'iiig permanently retained in a conditio ii 
of imeipud depth by the attracting power of the sun 
and moon, and probably hy other iiiliuenees, that the 
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siirfjK'O of tlio earth and the surlaee of llu^ sea hc'itoine 
altered in position relatively with ('auh other, the n'sult 
ill past times havin.^ Ixrn the eiui‘ri;(‘nee ahovi' the 
watei’ of that which now eonstitnti's diy land, and 
lu'ing- in the present time those ‘S*hanL»;('s of li'vel ’’ 
which are said hy ^tjfi'oloo-i.sts to be taking' plai.u^ in many 
parts of the world. The formati ai of the a([n(‘oiis 
rocks, of which the outer portion of I In' ('artlds ciaist 
is mainly compost'd, may also he said to In' attributable, 
in a gn'iit measurt', to the same caiisi's. 

For tin.' [)nr])os(‘ of tracinii^ tin' manner in wlnVh, 
ac(;ordin^‘ to tlie theoiy In'rt'in advanci'd, (host' 
ettects liave bt'i'ii and art' beinj^- prodiict'd, it is eon- 
vt'iiit'iit to n'fer a.i^'nin to tin? plane of the ('(di[)llc. in 
which tin' ('arth’s orbit is situatt', as holdin^ii; an abso- 
lutely fixed and unalterable jilace in tin.' hi'avens, and 
to describe' the altt'ratioii in position which tin.' coasts 
ainl chanin'ls accessibhi to the sea undiaT^o in conse- 
((in'iict' of the motion of the globt' by which it is pro- 
duced, in relert'iicc' to that fixed jilane. 

Tlu' subji'ct may be illnstrati'd by means of an 
ordinaiy teri'estrial ^lobi', on which tin; usual circles, 
represeiitini;’ the (.‘([uator and tin* eclijilic, are marked. 
Hy di'pi’essin<^’ tin' poh's of tin' ^lobe to tin; (*xt('nt ot 
d( '^rees, in order that tlu' (‘xistin,^ di\<a‘^‘encc of 
the eartlds axis from a position of jiai-albdisni with 
the axis of the ecliptic, may be pro[)('rl}' i‘( 'presented, 
and by bringing the ecliptical circh.; into coincidence 
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witli tli(‘ wooden ]ioriz(»Ti, tho lattei’ is imido to occupy 
the })]}!(*(' of tli<‘ plaiK' of tlie (‘cliptuf, and the positions 
whi(‘Ji i]w (‘firth’s axis and tlie jilane of the e(|iuitor 
hold witli reference to that plaiu' an* thus corn'ctly 
shown, Kxci'ptin^- tlie alteration produced hy the 
motion whii'li causes “ ])r(*c('ssion ’’ (and irn's])ectlv(' of 
tluit ri'sultina: IVoin nufjition,” and, possibly, some 
minoi- ])ertn]‘l)ations), tin* (‘arth’s axis always continu(\s 
to hold that ])osition with ndi'n'iic^e to th(' ecli])ti('.al 
])lan(‘, which jilaiH* may h(‘ regarded as absolutely 
stfitioiijiry ibroiigbout Jill tinu*. 

So far jis tb(‘ waitu’ surrounding the globe is jiffected 
by influ(‘nc(‘s which ari* (‘xtei*io]‘ to tin' globe, that is, 
so far as its (‘ondition is r(‘gulat(‘(l jind d(.'t('i’niined hy 
those influences, it may be n'gjirded as jin (mvelop(3 of 
uiK'HiiJil depth or thickiu'ss, within which tin* globe ns 
voha‘s upon Its axis without in any nianiu'r atfecting 
or altt'ring tin' condition of that wat('ry C'livi'lopc'. Uy 
th(‘ ojieintion of thos(‘ indiK'ni'i's, that cov(U'ing or en- 
v<dop(' has ;i gi’eati-r depth or thickiK'ss in cert.ain parts 
of it which li(‘ in the plain' of the (‘cllpti(* than else- 
whiTi', and its depth grjidually d('ci’('as(\s in all direc- 
tions surrounding those* d(*(*p(*st ]);irts to a distance of 
!)() (h'grei's tlien*from, at which distaiu*e its parts of 
h'jist d('])th or thickness an' situate*. 

Sue'h bt'ingtln' e'ondition of iiiu'tpial de*j)th in whie'h 
the wjite'rs of tin* oce'an are pt'i-manently maintaine'd, 
notwithstanding the' various motions of the globe*, it is 
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now to 1)0 C()iisi(loi-(Ml liovr it o<‘(‘iii*s tlnit t])(‘ motion of 
tlu' oartli liich occ'asioiis “ priH*('ssi(»n ” caust's tlu‘ posi- 
tion or level of tli(' sea surface' in tlu' neiL;'1il)omli()0(l 
of any place to Leeiome alh'rt'd, r('lati\'t'ly Avilli the 
earth’s surface' at that place; in othei* ^^■or<ls, how it is 
that a “change e)f h've'l ” is proelueHMl on any se'a, e'oast 
by that nie'ans. 

lU'tlie re)tation of the' j^-lohe eni its axis, e'Ve'iy plae*e' 
upon the' ^'lobe’s surfaea' is inaeh' to eii'scrilx' a e*ire*l(', 
whose plane he'ing* ])aralle‘l with the' plane* of the* 
('(piator, elivt‘rL!;e's from a ])osition of paialle*lisni with 
that of the' ('(•li])ti(‘ to the* same* ('\t(*iit as (lo(*s the* 
('([uatorial, nanic'ly, 2'U- elegrc(*s. Any j)la(*(* he*inf2; 
S('le'e‘te'(I — the' sea e'oast at Hoi-ele'anx, loi* instaiie*e' — it 
l)('e*onu*s ap|)ar(*nt, eni re'volviiii^ the* ^lohe* on its axis, 
that it (le'scTilx'S siie,*h a cire.*le'. 

Spe'akini*’ ,a,’ene*rall\, anel omittini;’ IVoiii pr(‘S(*nt e*on- 
siele'ratie)]! the* ('tf(*cts ai’isin*** from the* revolution of tlie* 
moon in its orbit, and from the* motion of tin* e*arth 
whie*h [)roelue*e's “ ])]-ee*e's.siem,” it. may b(* said that the* 
cire'le* thus eles(Til)(*d by any pla<M* ('\cr contimas te) 
hold the* same' siluatiem re*latively wiili I In* Min-onmlln^;' 
he'avens, iiicluelini;-, e)t e*oui-s<‘, the* (cli pt ie*, and, tbeue*- 
fore*, re-lative'lv with the* sonre*(‘s wln'iiee tin* inllnene:es 
e'xte'rior to the* p,lobe itse*!!’ by wdileij tiie* oee-an is 
atfe_*cted, are exereiseel ; niiel, in ele ,m j ileiny the* ea'rcle*, 
the pla(;e* e*ve‘ry day nmves thion;^-]i or undrr the- veay 
same' parts e)f that Avhich has ju t been represented 
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as a kind of (‘nvc lojx', witliin wliioli tin' ^lobt' revolvos, 
and wliicli is rotainod in a conditnm of uiu‘([nal 
d(‘|)tl» or lliiokn»'s<, indi'prndrntly of tin' _<>1o1)L‘ itself. 

As tli(‘ j)laii(‘ of tin* (*ir(dt‘ holds an oldicpu' position 
H'lativc'ly with tin' ('elijdical plane, in sonu' parts of 
which th(‘ d(‘ep< si portions of tin' ('nvi'lopi' arc' situate, 
and th(' d(‘ptli of tlu' c'livc'IojX' Ix'ing unecjual and Ix'ing 
Ljji’adiiated IVoiii its d('e])est to its shallowt'st parts, it 
follows, that tin' daily rotation of the ^’lohe causes 
('vc'i'v ])lac(; to ]k‘ always inoviii'i^ towards citlier tin' 
shallower or d(’e])('r parts of that envi'lopc' ; and 
h('nc(', ih(' occiu'rc'ncc' ol‘ tin' daily tidal inaiilfesiations 
which have' alrc'ady hc'c-n (h'scvibt'd at ('onsidevahh' 
h'Ui’th. 

Ilhisi ratine: those ('Ifec'ts hynu'ans of the tc'vrc'strial 
i>h)l)(‘, it may, I’or llu' prc'scait ])urpos(‘, he suj>])os(*d that 
it is at tho t\\<» ixunt'^ wlu'i’t' tin' brass meridian intc'r- 
sc'cts tlie wooden hoj'l/on (lu're ao-ain nsc'd for the 
plane of the c'cliplic) that tin' water surround ini»’ the 
<;’]oh(' has ilio erc'atc'st depth. In tliat ca<o, tlu' ])ar{ 
of th(' circle, d«-^n-ibod hy any place' by nn'ans of (Ik^ 
(‘artlTs daily rotation, at which tlu' oreatc'st dc'pth of 
watc'i' (exists (os III llu' tinu' of “s])rin';’ tides”), is that 
wh('r(' it in1ersr(‘ts tin* brass meridian, and wlu'n' it is 
in iiear«'s{ pn»\iniity to tin* ('{di])tleal [)lan('. Consc^- 
(pu'ntly, when llu' place' arrive's at that situation, 
“ hii^h wate'r” n ill he nianifi'stc'd, and the same eveait 
will oe'e'ur when it arrives at tlu' exactly o})pusile.‘ part 
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of <ho (iirolo. As, liowwor, tho (‘ir(‘l(' H(\s inu(*li iioiirc'v 
to tlio ecliptic ok tli(' one side tlnni it do('s on tin' (dhcr, 
it iniii;lit be ('x])e(*te(l that tlie tidal (db'ct nianifesb'd 
would be grt'abu’ on its arrival in tlu' oiu' situation 
than in the other. In passinii:, it may be obs('rv('d, 
tliat, in fact, it seldom or n('V(‘r bappiais that any one 
tid<' is of ('xacily tin' same lu‘ia;lit as that which im- 
UK'diately ]m'C('ded it ; hut, as tlie illustration is oidy 
iiK'ant to ('xem])h*ly, ^■('n('7'a]ly, tlo' inmuK'V in wliicli 
th(‘ wat('r siirroundinit tin* ^lolx' is inlliu'ia'cd l)y ('x- 
t(‘rior circinnsta,nc(‘s, ind(*]H‘nd('ntly of tlu' ‘»loh(' itsi'lf, 
the suhj('(d ot tlu' daily ti<l(‘s, which lias Ikm'U ah*ea<ly 
(h'alt with, needs not to h(‘ fiirtln'r discussed in this 
))lace. 

It is a])])ar('nt, on r('f(‘rrin,:»: a‘j.'ain to thi' ti'rri'st rial 
i;io])(‘, that, in cons('({uenc(' of tlu' motion of tlu' I'sirth 
whi(.‘h occasions “ prc'cc'ssion,” tin' (*i]‘cl(‘ d(\s(‘rl])(‘d eacli 
day by ('V(']’y seji, (‘oast, and, in fact, by e^(‘l•y placi' 
u])on th(' ('arth’s sn]fa(*(', is u’radmdiy and ])<‘rma.n('ntly 
('itlu'r ajijiroiichina* m'aria* to, or iMSM'din;^- fiirthei- IVom, 
the ecliptical plain*, and, tin'i’efon', that the s(*a (‘oast 
itself is as ‘;-ra(nia!]\’ and permanejitly heini>* made' to 
])('rform its daily eircuit under oi* throu;i,h a (h'C'per 
01 ' shallower portion of the ('nv(*lo])in^ w'ati'rs. Tin* 
motion heini;- such that it causes the eipiinoctial ])oints 
to I’cti’oaTade alon!4‘ tin* ci7-cle of the ecliptic, and that 
tin* pol(*s of the ('ai’th a7‘(' therehy nunh* to desiu’iln' 
in s[)ac(' (‘ither a. cii’ch* or an C'llipsi; — pi’ohahly the 
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latter — its efiect in thus penuaiuiitiy allerin;^- tlu' po- 
sition of any s(‘a coast relativt'ly witli the (u*li[)tie, and 
in causin;*’ its dei'pi'r ininiersion in or its fuilluT ('mer- 
gence out of th(' watei*, as th(' case may he, may ln‘ 
jud^'(‘(l hy means of the several circles marked on tlu' 
[j^lolx' to (h scril (' the (Mpiator, the ecli[)ti(‘, and tlu' 
ecpimoctial c()lure. 

Th(‘ etfe('ts thus ]U‘oduc(‘d may he stated in ^uauTal 
t<'rms, as follows: The dry land is foruK'd hy tlu' 
cnua;i*'Mi. (' aliovc tlu' S('a of pn \ iou>l\ suhnu'rged 
j)arts (»f the earth’s surface, in coiise({U( iice of the' 
distance hetwec’ii them and tla' plaiu' ot‘ ihi' ivli[)tic 
lu‘in<4' ^‘radually incn'asi'd hy nu'ans of tlu' motion of 
th(‘ ('arth, wh(‘r(']»y “ prec(‘ssion ” occurs; and the 
dc('])('r imuK'i^lon of any sea coast in, or its further 
emer;^-enc(‘ out oi‘, the wat» r in its lU'ighhoui'hood, is 
caused hy the >ana‘ moans, 

Supiio^liiL;* that, hy such a cii’culai’ or elliptical 
motion of the earth's axis, tlu' eijiiinoctial points an* 
made to r( ce(lo alont;- tin' echpla al circh', and tin* 
(Mpiator is hroupht into in'arcr proximity with it, tlu' 
I'Hi'ct uj)on the coast at lloi’deaux would hi' to raise up 
that. (M)ast, i.f’., to ri'inovi' it further from tin' circh' (»f 
th(' i'cli])tic, as dcliiu'att'il on the i:,lohi', and lis further 
(•nu'ri;’eni*e out of the watc'r in its n(‘ij;h];ourliood w ould 
coiisc'ipu'iitly ensue. 

It would ap]Ji'ar that a similar result must hc' 
nu;nii( sl('d by the same means on the northern shores 



AND THAT OT TIIK SKA. 


C5 

of Europe, as on tin' coast of Xorway, for instance; 
while, on the coast of Greenland, a contrary elfect 
must take jdace, as tin' circular or elliptical motion 
of the ejfftlds axis must (‘aiise that coast to Ix'coine 
(lepn'ssed towai'ds, /. e., to he jx'rniaiuaitly hronj^ht 
TU'an'r to the ecliptical plane. 

Now, the ‘‘ changes of level ” which an' known to 
lu' actually oecniTing or to have reciadly occiii’rc'd on 
those coasts, are just tlu' effects whi(‘h would hc' pro- 
duc'd if the afoix'going astronomicid ('xj>laiiations of 
tlu'ir origin he corn'c;!. At l>ord('au\, lor lustanc', 
an inland st(']) oi* cliff runs ])aridl('l with tin* coast 
for a consi(l(‘rahl(' distance', and at tlu' base' of it 
are indications ('xactly similar to those' now Ix'iug 
wrought by the s('a u])on tlu' cliffs which lie* on a 
more southerly part of tin* sanu' (*oast. 'fhis cliff, 
and the appe'araiieu's of the* lanel in its neighhour- 
hoe)d, art' alluded to hy geologists as showing that 
the' countiy tlu're has ht'e'ii t levateel from a former 
h've'l, at a date.' not vt'ry I'cnmte in a g(‘ologie*al se'iise*. 
The uiielistui’hed condition of the* male'iial Ibrjuing 
the' rocks of the' loe-ality aluieest <*eine*lusi\ e ly show that 
the eh'vation eef the elistrie-t coulel not ha\e' he'e n oc- 
casioned in ce)ns('epie‘nce' e)f any vioh'ut proe-ess e)f 
“ uphe'aval ’’ hy suhte'iranean fore*e*s; hut su])])osiiig 
that, notwithstanding the various niotloiis ut’ the' se>Iid 
ghihe, the waiters ed‘ the e>cean have he e n po nianently 
maintained in the unaltered cunditiem elex i-i heel, tl]en 


F 
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the n])])Jir('et (•haii;j:(‘ of in qu(‘stion is most 

reasoiiahly (•x])]i(*a]>l(\ for the (‘urtli’s slow gyratory 
motion n'ieiTod to, liaving occasioned a slowly in- 
c, Teasing <list;mc(' to int(‘rv(‘n(' hetween th a? coast and 
the fixed of the ('cli])tic, and tli(‘ coast having 

h('(ai 111 us curih'd in a din'd ion in which the waters 
env(‘lo|)ing th(' ('orth diminish in d(‘[)th, there must 
ensiK' nil th(' n]»|)(‘{irjmc( s of a vi'iy gradual emergence', 
n'suhiiig, ill 11 i(' coursi' of many c('iiiuri('S, in a V('iy 
consi(l('ra])l(' change' in that iK'iglihourhood, in the 
relative' jiosifions of the' wati'r ami dry land. 

Th(' ( h'vation of tin* land which is known to b(' in 
])rogi’<'ss ill th(' noi'th of Kuro])(', and more' pfirticularly 
in Norway and Swcdc'ii, increasing loo, as it does in 
amount towards the North is an ('ffi'ct tliat 

would result fmni tin' same' ('aust'. The' nu'nn rate of 
(‘.onlinuoiis vertical ('li'vation is suppost'd to amount to 
about le('t in a ce'iitury, and it is aflinm'd, that it is 
so gradual as to Ix' only asce'rtainahk' hy careful 
scientific UK’asiirenients comp?(rcd aib'r long intc'rvals.* 

It is said, on tlu' otlu'r hand, that a gradual sinking 
of tlu' w('st coast of (n*('(‘nland during tlu' last four 
hundre'd years has oe'curred, an etiect tin' reverse of 
that which si'i'ins to be in progress at Bordeaux and 
other ])arts oi bairojH'. Now, as illustrate'd hy the ter- 
restrial glohi' again, it appears that, in c<»nsequence of 
the same motion of the earth, the Greemland coast 

* Sir i\ Mil mud of Klemintunj iU'obujy, 
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must l)(' slowly advuiUM’n^- towanls, iustc'ad of ivcoiliiii; 
from, tlio ccliptiral piano, a procoss wlii(*li must [)i(>duoi* 
just such a ^Tadual sul>mori;('iic(' as is actually iakiii;; 
plnoo, if flic waters of llio ocean are thus pm'maiu'ntly 
suspended in a condition of (h'pth which gradually 
increase's towards that ])lan(‘. 

Again, it is said that in South Anu'rica, as in Pata- 
gonia, and on the coast of (diili, are' very palpahh* 
(^’idence's ol‘ tln^ re'C(‘nt action oi‘ the s('a in ])lae‘,(‘s 
whiedi an' now above its Icv('l, indicating, accoj’ding 
to the' g('ological the'oiy in vogue, that an “upheaval” 
of th(' land has taken place* during a vi'iy modern 
pc'rioel. On re'h'n'uce' to tlie glnlx', lio\\e\(‘i*, i( iiiay h(! 
st'('n, that th(' ('ilect that must re.Milt iioni tin* m arc*!' 
approach of th(' ('([iiatorial [>Ianc to tin* rcliplical, must 
1 h‘ th(3 i’('moval of that [)art of lln* South American 
continent to a grt‘al(‘r distance from the ('cliptical 
plain', and <'onse'(jue'ntly (according to the' lypothesis 
hereinlx ‘fore advanced), in a direction in wliicli the 
waters of the oci'an Ix'cifcu' shallower by reason oi tin* 
influeiu'e's bv winch tbeir iiu'tpiahty (>f depth is occa- 
.sioiK'el be'ing le.ss powerfully exereist d in that diri'ction. 

Nunie'roiis otlu'i’ instances niigbt be* adduced show- 
ing the* e-orr('spondenc(‘ betwee*n the (‘fleets manifest 
on eioasts and chaimeds acc(*ssible; to the sc'U, and the^ 
approach of those' coasts and ehaniiels towards, or 
their recession from, the e‘cli[)lical [ilaiu*. Tbe* channel 
of the Thames is one of such fiutiier illustrations. 

F 2 
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Al()n<^ i1i(' Kt'iilisli joid Kssi'x short's of that rivor 
are tli(‘ elt'urt'st indit^utions of a gradual and per- 
iiiaueiil rt'ct'ssioii of llie waters. Tlie level siirfaee 
of the land hordtaing tlu* iiortlu'rii shore, and on 
thost* j)arts of th(‘ southern sht)re whitdi are not iii- 
eiudt'd in tht' liard (‘halhy formation, seem ])lainly to in- 
di<ai,t(‘ the mode in which tht' disappearance of the 
watt'r lias occurrt'd ; tht' shidlownt'ss of the northern 
slioit' of tlie river towards its t'litrance, tlit' smooth, levi'l 
surfact' of a very large area upon which the waters 
rt'main during only a vt'ry small jiortion of t'at^h tide, 
the longitudinal direction of tlu' ntaghhouring hills 
and vallt'vs, and, in fact, the whole contour of that 
part (d‘ th(' country on tatlu'r sidt' of tht' rivt'i* for 
many mill's upwards from tht' Noie, atford very sug- 
gt'stivt' tokt'iis of tilt' dirt'ctiou in which tht' gradual 
dniinage and ultimatt' tlisapjit'aranct' of tht' watt'rs 
took ])lac(*, and of tht' watt'i* whit'h now t'hhs and 
Hows in till' ])r('st‘nt chaunt*! of tht^ rivt'i*, having 
gradually undt'rgont' a tlimimfl^on ofdi'pth and volume, 
and of tht'saiiK' jinicess of very slow diminution being 
still in ]n’ogrt'ss. 

It is indit'ated hy stunt' ttf tht' fossils whitdi are 
tound in the eai*th’s crust, that all ])arts of the wtudd 
liavt' t'xpt'rit'iict'tl a changt' of climate sutdi as must 
havt' rt'sultt'tl from a slow altt'ratiou in the position 
whit'h tht' earth’s axis holds relatively with the pole of 
the ecliptic. 
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Tt is known, for instaruT, tliat irinny specie's of 
marine animals exist at tlie present day in ])la(‘('s on 
the globe whiedi have a vc'iy elilferent climate, and 
are very far distant from those in which the fossil 
counterparts of those animals are' found. 

Tt was remaik(Ml ])y Hugh Milha-, with re'gard 
to the cHmatid distribution of animals as wedl as 
of vc'getation, that “ there is nothing more iixe'd than 
sjH'cies;” and he stated that ce'rtain fossil shells, which 
he had discovered sonu‘ distan(*i‘ lutow the' surtace* 
at Rothsay and otluu* place's in Scotland, he'leuige'd 
to s[)ecies that are now e)nly Ibunel living iii e*limate's 
very dilferent from the' edimate^ of Rothsay, e)r e)f any 
part of Rritain. A (‘onsieh'ration ol‘ those' anel similar 
fossils, and also of the' d(‘pe)sits in whie*h the'y we're' 
fe)und, and the contour of the lanel above^ the'in, leel 
him to form the' e)j)inion, that not e)nly was the' whede* 
of the IR’itisli area anel the' nortlu'in he'misjdiere' 
generally, ve'iy much de'ju'esse'd be.'low the' pi’e'se'ut le've'I 
relativedy with the' sea, surfae*e‘, at the^ time' the* shedls 
in question were de'positcd, but that the', climate' of 
the British Islands, as (hey the'ii e'xiste'd in the; form 
e)f a multitudinous gremp en* ai’e-hipe'lago, was ve'iy 
different from that which now jirevails in the; same 
latitude. 

^Sow, if the climatal (;ondition of any plae-e' on 
the globe’s surface prineapally dcpe'iids, as it un- 
doubtedly does, on the ])osition eiccupied by the place 
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relnfivcly witli tlie sun, it uo(‘cssnrily follows, that 
tlio cluiiigi' of* situation in regard to that luminary, 
which ev(‘ry part of tlu' globe’s suidace undergoes hy 
iiK^aiis of tliat motion or pertiirhation, wh(Tel)y the 
prec(‘ssion of the ef{uinox(‘s is 2 >roduced, must bo 
att('n(I(‘d with a (rorres])onding change of climate. In 
tliat respc'ct, th(‘refor(‘, as in many others, the astro- 
nomical liy])oth<'sis lu'vein advan(T(l seems to bo cor- 
rohoratcfl hy a<;tual geologi(‘al d('(luctions. 

It may not 1)(‘ out of plac(' to add here, that, 
allliough in soini' parts of his admirahh^ ))0])ular 
lecture's Hugh ^lilh'r alludc'd to liaised sc^a heaches ” 
as l)('ing tlu; iH'sult of upheaving volcanic force, aj)- 
pli(‘d, not gi’adually and eeiuahly, hut in j)aroxysms, 
y<'t h(' s(‘('nis to have' ('nti'rtaiiK'd the opinion that, 
in tiu' ('ourse' of an enormous pe'riod, within a very 
hrie'f ])ortion of which those' hore'al slu'lls e>f llothsay, 
and the' strata in whie-h they an' ('inhe'delcd, w(Te 
eie'])osit('d, the' whole' e)f the' I British are'a at first 
unde'rwe'iit a slow de'])re'ssie)U, so as te) leave only the 
In’glu'st ])e)ints ex})e)se'd ahe)ve', the Avaters, and suh- 
se'epu'Titly re)S(' to its present altitude hy a jwocess of 
wry gradual emergence. 
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SUn-OdKANlC OPEU.VriONS. 

Some of the operations tliat arc jn’olialtly Ix in*^ rarriial on Jil Uic 
bottom of tl)(’ ocean, dcscriluMl — as to llic irr<\^Milai' confi^nra- 
tioj) of Uic ()C(‘an bed bidnj^ similar in cliaracb r to other parts 
of tlio "lol)e’s surface — I be <>fr<‘r(s prodMc<>d in eonS(M|uenee of 
tlie projections, liic., oti ftie siibn!(*!-.e(M] ]M.rli(ins of (la* (‘aitti’s 
surfaces beiiijj^ lirou.eli(, b\ the (anlirs daii.\ naalion on its 
axis, tbrougli or under tlie parts of tin* ixa-aii wliicli arc n'- 
tained in a suspended or staliunary stall — numerous surface 
and under eurix'nts — tiro abradin;^ and disinte;'ratin,^ action 
of the oc('au as nmnifest<Ml in liNer <*banm‘ls and on sea 
coasts, lAc. — till' ircean bed pnd)abl\ siilijeeleil to a similar 
destructive process in many ]»biees--benee 1b»' ocean di'pths 
become ebar^^u'd with a \asl amount of sedinientary nial.ti'r — 
tlie facilities jire-i'nled by the ocean bed for I be di'posilion of 
sediment — tbe /^I’adnal formation of \ast ii(|Ueous de])osils-- 
tbe contour ol the ocean bed may become somewhat altered 
by sneb deiiosils, but, it is ju’obable no ‘Mi neral ebani^^e of con- 
figuration takes [iJace. 

Assuming thiit tliu astronoiiiicul cxjtltmatioiis con- 
(.‘Orniiig the tidal pli(‘noiJi('ii;i, jiiid tlio dillt'ix'iit motions 
of the globe, lead to the conehisioii, tis tlu^y jippt'tir 
ino^^tably to do, thtit the present dry land of the 
world emerged from the wtih'r whitih [trtwiously 
covered it, not througli tiny violent “ upht'avtd . or 
expansion of the earth’s (*rust liy volctiniii or other 
tlirect physical force, since it finally attained an in- 
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(liirat(‘(l l)ut simply Ly iiK'ans of that gradual 

alteration in th(‘ dirootioji of the earth’s diurnal niotioii 
whi(!h produei's th(' “ ])r('0(‘ssion of the ecpiinoxes;” 
and likewise' assuming that, hy tin; same means, there 
is (A'('r similarly in progn'ss a gradual emergence 
of sfjiiu' parts of tin* ocean bed on the one hand, and 
a gradual sulniKa-ge'nee of some' parts of the dry land 
on tin* oth(‘r, tlu'ii it may he' re'aseaiahly supposi'el that 
thcTe' are' now taking ]>la.(‘e, at the l)e)ttom of s('a, and 
e)e;e'an, the' same' kinels e)f e>p('ratiems as those whereby 
we're' ])i‘oeluee'el the' fe)ssilife're)us re)eks which form the' 
suhje'ct e>r ge'ologie*al elise'ussiem. An ine|inry cemcern- 
ing a fc'W e)f the)se.' prediahh' e.)])erations may, therefore, 
h'ael to some' feasible' e'emje'ctures respe'cting the for- 
mation e)f the' re)cks in epiestiem. 

That the' sulmu'rge'el parts e)f the earth’s surface' 
are e*harae*te'riy.e'el ley a e'emfiguratiem very niue'h re'- 
senihling that of the elry land itse'lf, there is no demht. 
It has he'e'ii louiid, for instance', iVeeni soundings take'ii 
in elilfere'iit parts eef the Aveerleh that the hotteun eef 
the)se' myste'rious eh'pths is elive'rsifie'el hy jirotuheraiu'e's 
of various sha])e', he'ight, and dime'nsiem, anel that 
e'neermous ede'vations exist there which ceirrespemel in 
their ge'ue'ral feature's with the ^^reatest of the moun- 
tain range's eef the uppe'r worlel. Such a configuration 
must also nee'e'ssarily include valleys which differ from 
('ach eetlu'r in form, eh'pth, aiid area ; and there pro- 
bably alse) exist irrt'gularitie's eef a less cemspicuous 
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iKituro with imnioroiis kinds of doprossions, iinduliitions, 
and plains. Tin' islands that so nunioronsly stud tin* 
ocean arc manifi'stly formed of jiarlially subnu'rjic'd 
projections, such as the most (‘levated parts of a 
mountainous district or continent would prestait. Tho 
parts of tlic sho]-(\s of our surrounding coasts, wliich 
are som(‘tim(\s tracc'ahh' for a (M)nsid('ra))le distance* 
h(\vond tlic low(‘st ('hh, so closely rcs('mbl(\ in tli(*ir 
gcmu’al f()atui'(\s, tin* inland parts of tln^ (‘ountry, that 
it is (litlicadt to imagine tiny form the limits of a 
superficial d(W('lopnu*nt of anotlnu* (‘haracti'r. And, 
excc'pting tin' suj)])osed ditfercnce of b'Vi*!, on wbicb 
the ‘‘upheaval’’ tln'oiy is based, there s<*ems to be* 
no re'ason what(*ve‘r ibr he‘lie‘ving that the* ])ortious e)i* 
the globe^’s surfin^e wbie*h lie be'iu'ath the* oce'an vary 
in any maniu'r whatever frenn the)se whiefii are* above 
it, so far as tin' g'e*ne‘ral charaeder of th(*ir e'onligural ion 
is co7icerne*d. 

lint, wlndln'r or not the vast tra(*.ts lying unele*!* se'a 
anel oce*an are* in a ele*j)re*sse'el e>r (M)lla[)se'el e'eaidition, 
as ce)ni])ar(*el with e*xisting (;ontine*7ils and islanels, anel 
wh(*tln*i* or not the* stony “crust” of e)ur e'aitli pos- 
se*sses the) wonele'iful e*lastic ca])abilitie'S which must 
be attributed to it if the modern ujdieaval tln*ory 
be correct, matters not, so far as tlu^ })art of the* 
inrpiiry imnn*dia.te’ly in hand is concerne'd. 

If sea and oce*an^ire? so suspemde'd by the solar 
and lunar infiuene.H*, that they do not wholly par- 
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tic.ipati' in, iind are not wliolly carried round in con- 
se(|U(‘nce (jf, tlie oartlds daily rotation on its axis, 
it follows Hint, by moans of that rotary motion, 
tli(‘ siibnj(‘r^(‘d or partially subnier^^ed irregularities 
nnd proj(H‘tioiis upon the globe’s surface must be 
perjx'tnnlly making tli(‘ir passage' under or through 
1h(' sup(‘rincumbent waters. The displacement of 
i iiormoiis volumes of water must theredbre ensue, and 
n gre'ut eoniniotion of tlu' oeu'ans in all parts of the 
world must b(' tlu're'by occasioiK'd. JJy reason of those 
proj('(;tIons h(‘ing brought violently into or against 
lh(‘ stationary or suspended water, vast volumes of it 
must h(' puslu'd forward or aside ; and, in conseepience 
of their rushing back on (‘ith(‘r side' of the) aelvane'ing 
massi's, in tlu'ir etfort to re'sume' the'ir previeius coneli- 
tion, e'urre'nts may he oe‘e*asione'd with a set eir elire'ction 
opposite' to that of the e'Ui'th’s motion. On the other 
hand, the passage' of the hiuele'r or following portiems 
of the' same' masse's must oe*casiou vortices in the'ir 
wake ; and, in conse([uence eif the edfeu’t made by the 
iniinense volumes of the' jiarteel wateTs to hud thedr 
forine'r [ilae'e*, a eairre'iit, in the' elirection e)f the e'arth’s 
meition, may ho e'ausexl. Suedi a eontinucel motion 
through the wate'rs, at an ('iiormous speed, of the 
innumerable proje'ctioiis iipein the earth’s surface, semie 
be'ing entirely suhmerge'd, and others cemsisting of 
the exmtineuts and islanels of t^e upper world, must 
e»ce)asie)U an oceanic elisturbance of a mejst complicated 
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iijituro, iind on a vast scal(\ and ivsuli in innuuu'rai)l(* 
niid(T and surface currents of dlfftaviii voluine, dircc- 
tioi), and velocity. 

The daily revolution of the gloh(‘, h()A\ t'V('r, wlu'n'hy 
those efthcts are produced, is an eve]- nciirring- event, 
rt may he theri^fore conjectured that lie' (‘onditlon 
of tlu' o(*(‘an, so far as it is thus ocea.siom'd, Ih'coiik's, 
in a gn'at nu'asun' iionual, and is nianifi'sted in the 
well known <>a'(‘at and minor cm‘r(Mi(s which exist 
in difFei‘(mt parts of th(‘ world, and, hut for tlu' 
(‘han[»’(\s ('tfect(Ml in cons(‘(pi(‘ne(‘ of the ollu'r motions 
of tlu' ('arth, including- also those oi' its satellih', it 
is prohahh' that those ciii-n'iits would h('<‘()me un- 
de ‘ v i ; iti 1 igly ( 'st ahl i si u M 1 . 

In cons('(jueiic<j of th<3 naiters of the ocean being 
suhject('(l to the disturbing ojK-rations d(\scrilHd, not 
oidy must nuuK'rous suiface' and uiidrr curre'uts h(' 
produceel, hut a prodigious (juantily of mate-rial must 
he*e;ome ahradeul from the surfae*e nf tlu- suhmerge'el 
rocks, and transpe)i-te*el te) k/calitie-s whe re) tlie) e)e>n- 
hguration e)f the oea'an he*el is e)f sue-li a chanmter 
as to atford fae-ilitu-s fe)r its de-positiou and ae-cumn- 
lation. 

Tlie effe'ed/ pre)duced upem the' roe*ks by water in 
motieni is ap])arent em (‘vewy se'a e-oast anel in e-very 
river channel. The very liardest kital of roe^k of 
which the sea slu)re consists in some ])lae;e\s, and in 
which the ediannels of mountain toi-j‘e)nts are) formed 
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ill f)tlu'rs, ])cc()Tiics worn awjiy in coiisidoriiblo quan- 
tities by its action. Hut llic (le.strii(‘tiv(‘iioss of its 
af>'(ai(;y is iiion* ])laiuly manifest in localities where 
tli(i formations consist of softer materials. On some 
parts of our soutluMn coasts, for instance, the chalk 
<*litts jir(‘ beiiia undei iiiined ])y tlu' constant washing 
o(‘ th(‘ waves, and brok(ai into fragimads which strcAv 
th(‘ shor(', and, being ni(‘(‘hani(*ally dissolvi'd by the 
action of lie* wat(‘i‘, ar(‘ foriiKMl into a kind of hard 
chalky mud. \\'hci*(' clitfs, consisting of a light 
fi-iabl(‘ soil, a]’(‘ exposc'd to the attacks of tlu' S(‘a, 
as in th(‘ neighbourhood of (h’omer, tiny become 
similarly dissolv('d and settled into an absoluti'ly sandy 
form, dhe abrading and disintegrating ihects pro- 
diu‘('d by tli(' action of water ar(‘, in short, plainly 
(‘vidi'iit upon (‘Very s(‘a coast, as well as upon the 
shoH' of evi'rv riv('r and lakcx 

It. is oidy i-easonabh* to suppose that many ])arts 
of tlu' sea l)(‘d ar(‘ (‘\pos(‘d to destructive' opc'rations 
of a soiiK'wliat similar kind, and that, by nu'ans of 
the low(‘r currents of the oci'an, many hard igneous 
formations Ix'couu' partitdly or I'litii’e'ly denuded of 
tlu'ir ])r('vious si'diiiK'iitary covc*ring, while , others, 
forim'd wholly of soften- materials, an' entirely binken 
up. 

IIenc(' tlu're must be a vast amount of sediment 
in continual circidaticui in the ocean de[)ths, consist- 
ing e»f the ]>articles abraded from the hardest kinds 





77 

of rods, and of tlio dissolvt'd niatiaials of ])V('vious 
aqueous format ions. The maniuM’ in wliicli all this 
abraded and dissolvi'd niatt(‘r is j)r('( i{)itated to tin* 
bottom of the water must d(‘])ond ujxm tlu' force of 
th(' siih-oec'anie eurnaits in ^\llicll it is ])orne, as w('ll 
as upon the specific, gravity of tlu' atoms of which 
it is composed. 

Th(‘re can he no doubt that, beiK'ath tlu' hiddc'ii 
dc])ths of the (xx'an, then* an^ ranges of mountains 
ranniying in (‘veiy din'ction, Avith conoponding val- 
h'vs : tlnM’c' arc' ])robably, also, (‘xtc ii^ivc' ])lains and 
undulating regions, and mounds and bills of \ai'ious 
diim'iisions ; and it is likcdy that tln i’c' also abound 
detached ci'ags and masses oi‘ rock, sneb as ewist in 
mountainous countries of oin* n])pci‘ woild, with abrupt 
and irrc'gular ])rc'ci[)ices of bai’e stone, and cliamu'ls, 
ravine's, caA'erns, and rc'cc'ssc's of all kinds. 

Such a varied configuration nmsl allbrd ample' 
facnlitie'S for the' gi'adual deposition of se'diinc'iitary 
niatte'i’ in vast, ejiiantitie's. The' wate-r ocni pv ing de- 
prc'ssc'd arc'as aiul valleys, being proteeled by tiu' sur- 
rouneling pretjec'tions, precbably I’eananis m a epiie'sc'e-nt 
state*, and jic-nnits the he'a\l<'i- atoms, boiaic' by the* 
strc'am abo\'e, to find a re.sting place upon its lied, 
Avli^e' e)th('r ])ai'tie*les of le-^s weight, are* carrie'd te> 
localitie s whe re tin* force* of the* e urn nt be eoine's still 
furlhei' re'duced, ami A’Ji 'j’e', in ibe ij- luiu, they sifui- 
larly dc'poslt tlu'mse'lves. Tlu* eiurrents being vai'iously 
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{ifTc.'ctc'd l>y lli(? i‘M‘ky projections of tlioso siiLinerged 
regi(;us, must c.iiist^ tlie abraded imitter to dt.'posit 
itself in clIff iM ut ways — tin' filliii}^ up of vallc'ys, 
tin' format ioii of slo})inj^- al)utnieiifs to ])reviously 
abrupt [)recij)ici's, and other kinds of accumulation, 
beinj; (In* rc'sult. 

In ('vor auy;m('ntinp;‘ sedinu'iitaiy acci'etions, 

innuni(aaiil(' living en'aturc's of the o(*ean must idti- 
maiely tiial tln ii- i;i-av('s, and a <»’i‘('at ac(‘umulation 
of tlu'ir lbs>il foj ius must tlu'refon; b(‘ takini** place', 
as l.ayer after hivi'V of tbe disintegrated matter is 
([(‘posited. 

All these suh-oc('anic ()])e'rations an' doubtless of 
a YC'ry divers(' cliaraet('r. While' tlu' various matea'ials 
of somo eompo-.il{‘ I’ocks an* r(*(luc('d and s(‘])ariited 
into ilu'ir eoiisl itueiit ])articles, and de‘i)osit(.'(l in a. more 
elementary form in dilfci-ent localities, tin' compone'iit 
atoms of se\(ial dilfereait kinds of mate'i’ial from 
otlua* Ibrinatious, ba\ing the' same' s])('citic gravity, 
may b(‘ minglod 1og( tber ami de[)osited in layers in 
(UU' j)laee, and beconu.^ fornu'd iiit(.) a eomj)ositc‘ eh'- 
[)osition. liiK‘ lu'w formati<»ns are being ereat('d 
out of tlu‘ nialoritds wbieb are se't free by tlu' de- 
struction of |)ivvious ac'eumulatious, and Avbile tlie 
depi‘('ssions, valle\s, and clianiK'ls, of sonu' distnets 
are being tilb'd up, otlu'r regions ar(' be'ing denuded 
of tbe matt'rials w itb wbieb tlu'y are coveivd. 

Hut, allbougb some alteration in tbe submerged 
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portions of tlio j:^1o1h‘’s sui'fuv iiuiy bo ciiiisc'd by tliosc' 
operations, y(^t it is inipi*obablo that any suob general 
eban^o of oonfigairation is tli(‘roby (X'oasloiu'd as to 
involve' tlu' (I(‘stru(‘tion of llu' nuiiun’oiis granitic and 
otlna’ ii;’n('ous projcxdions of wbiob tbo dilb'nait inoiin- 
tain ran^’(\s and sysb'iiis of the oooan d(|)tlis ar(' mainly 
com])os('d, or ('ven of many other formations of a li'ss 
ri^^'id ami less durable (diai-aeter. Tlie valleys of those 
regions may bex'ome* striAvenl with masse's ol‘ ])rimi- 
tiv(^ or otb(‘r bard kinds (»f rook, wbieb ai’(' {l(‘(aeli('(l 
from tlu' ])fir('nt mountains by tlu' diresd; and loiifj; 
oontiniu'd action of (‘normous vohnm\s of wai(‘r, or 
by otlu’r cause's; tlu‘ se'diine'utary malle i’ pre‘vie)usly 
ae.‘emmulate'd iqion ibose' monnlain ran^^e's, may be'come' 
t^radually remove'd from some' e)f tlie'in, and llu' sur- 
face's of tlu^ I’ocks, ; 4 'e‘n('rally, ma}' lie' ve'i’y mue*b worn 
by tlie' friedion of the' c.ui’re'iils pa^ssing* ove'r tbe'in ; 
but tlu're' se'e'ins to be' ne) I’e'ason for supjiosin;^ that 
the' vast mountain ran^’e'S wliie-h we're forme'el elurin^- 
thei ^'(de*anie^ e'l’a, while* the* ('arlb’s snrfaeM* was at- 
tainin;^ :in inelurate'd state', anel be'foi’e* it be'e;am<j 
ce)ve'reel with wate'i*, are’ eb'slroye'el )y tln^sc e)pe rations, 
mi[>'lity t bough they probably are,'. 
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TIIK DI-.l'OSTTION OV SKDIMKNT. 


rill' iMOiln i>i wliifli st ilitnt'Tilarv parliclos a<*»*ninnliit(' at tlui 

nf sr;i, is siiiii1}ir to lliat in wliirli tin' iiialciial forniin^^ 
tlif! nf|iii‘oiis rocks al)ovc llic sc'ii Icvrl was (l(‘]u>sitc(l — tln'ir 
<lcj)osilinii is c(pnil)Iy cfli ctiMl so as to prodncc strata, w]»i(*l),as 
r('; 4 .ir(ls liori/ontality, arc contornial»]<‘ ^itli t,1ic nrnk'rlyinj^^ 
rocks and willi (‘acli otluM' — the stralilii d slructni'(‘ of the 
I’ocks alioNc the sea. level could not. have Ikm ii att.'iined hut lor 
a similar e(|nalil(‘ selthanent of tlu‘ paitick-s — tlu' ])ccu!iarities 
of sliiictuii' which niaik those* formations are to he^ thus ac- 
comiteal for. 

Tiii'iur: is rojtson to Ixiicvt', tlu'ii, flitit in (.‘onst'- 
ejuon(‘(‘ ol' tlic Jii;itati(ni and (listiirl)aii(‘(' to wliicli (lie 
wjitors of till’ (u'caii aiv constantly su1)jocl(‘d by tlio 
cansi's iK’foi’t' rcfriTi'd to, and of tin' ('llrcts tlii'i’t'by 
|)fodnc('d nj)on llu* sulnnrr^t'd ])arts of tin* (\ai*tlds siir- 
fa(*(\ tb(' oct'aii dt'ptbs boconu' w itli an i iior- 

inons ainoant of sedimentary nuitter, wliieli (b'posits 
its('li‘ wlu'ia'Ner eiivniustane(\s ww tavoitrid>l(' for its 
stdtleiiKait, and in eourso of tiiiu' a(*eumiil;ites into im- 
nnaise “ format ions.’’ 

It may bt' e('rtaiidy tissiiimHl, tlnit the mamit'r in 
Avbieb all this st'diiiuait tlius aeeumulatt s at tlu‘ bottom 
(d tlu' ocean exindly resembles Unit in wliicli the mate- 



THE DEPOSITION OF SEDIMENT. 


81 


lial composing tlio aqueous rocks now above the sea 
lev('l was de})()site(l ; therefore, any eonelusious at 
which we are warranted in arriving as to the stnudure 
of the sub-aqueous formations now in ])rogi-(vss, are, so 
far as the characteristics of structure result from tlu' 
mode of deposition and accumulation, also applicabh' 
to those clevatinl deposits. 

As regards the material of which any sub-aqueous 
formation is being (M)ustructed, it must of course (b'pend 
upon a variety of circumstances, such as the nature of 
the rocks from wliich it is nmioved, the power of the 
water to se])arate it into its consiitiu'nt ])ai’tieles, the 
specific gravity of the partic^h's th(‘itis('lv(‘s, and the 
force of th(' currents by which they are boriu'. Tlu^ 
thickn(‘ss, as w('ll as tlie regularity or conforinity with 
each other, of the several layers or strata of which 
each formation consists, must also be regulate 'd in a 
great measure by the same circumstane*.(vs. In a, region, 
for insta7ie;e, sceairi'd by one curremt, and Nvlieae* there 
are several (lc])oslts or fonnations, e'ae*h compose ‘d e>fe)nly 
one kinel of material, but the material of e'aeh behig e>f 
a different kinel fremi that e)f the eUhe'rs, the‘ matte-r 
abraded frenn the'se varie)us re)cks may be^conie; mingleel 
te>gether and formed into a composite dej)ositie)n ; e)r, 
where only one' kind of re)ck, ferme'el of ce)mj)e>site‘ mat- 
ter, abounels, the several kinds e)f particles imiy be'come 
sorted by the' actiem e)f the w^ater, and may bci home 
to and depe)sited in different localities, all the ])articlcs 
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of each sort, and of a like specific gravity, being 
together farmed into a separate homogeneous deposi- 
tion. It may, in fiict, be conceived that, consisting, as 
the earth’s crust does, of an almost infinite variety of 
mab'rials, an almost infinite variety of combinations may 
be formed therefrom, in consequence of the manner in 
which tluy are mechanically, as well, perhaps, as 
chemically, operated upon by the w.atea* of the ocean. 

Tli(i mainu'r in which the sediimmtary particles 
sink to the bottom of the water, must also, in a great 
measui‘(‘, d(‘])('nd upon their sj)ecific gravity, as well as 
upon tlu^ ve'locity of the currents by which they are 
transport(Hl from oiu' place to anotlu'r, and the condi- 
tion of lli(' water immediate ‘ly over the locality in 
which tlu'ir actual lodgment take\s place. 

Atiect(‘d in various ways, as the wateTof the ocean 
no doubt is, by the eliffeTemt e'levations or proje'ctions 
upon tlie submeTge'd pails ef tin' earth’s surface, anel 
by various circumstances, it is ])robable' that its coneli- 
tion in any re'gioii is not uniform throughout its whole 
deq)th. Thus it may happem that the* vedooity of a 
current may gi'uelually eliminish from its surface down- 
wards, or tlie^ reverse, Anel not only may different 
portions or strata of water in a region have ditferent 
vedocitics, but jiossibly they may travel in different 
elirecti(ms ; and beaieath vast exprinses of oe.*ean, where 
such various currents exist, tliere are probably extensive 
districts wherein the water is maintained in a quiescent 
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state, in conscquenec of the j)r()te(‘ti()n sc'cured to it by 
widely separated mountain ranges. Such districts, 
partially or wholly protected from tlie ravaging efl'i'cts 
of the vast currents llowing above them, may include 
large tracts of ocean bed possessing a greatly vai*ied 
<‘ontiguration, with (devations of considerable height, 
and extensive areas of a level or undulating chanictin*, 
as well as hills and mounds, and stecq*) and graduully 
sloping ])rominences of all kinds. 

It would he manifestly absurd to suppose that the 
sedimentary particles can 1)(‘ d('])osit('d ii])on any ])art 
of the ocean bed which is scourt'd hy a cuirent. In 
other words, their deposition can only take ])lace upon 
the parts inmu'diatcdy ov(‘r whi<‘h th(' watcn* nanains 
in a ([uic'scc'iit stat(‘, in regions, for instaiu‘(‘, such as 
those just alluded to as l)eing ])rot('ct(Hl by mountain 
ranges, and as iiududing eveuy kind of elevation that 
exists upon the surface of tlu' tnirth. 

(Jonsiderlng th(‘ atomic chai*a(d<'r of the' sedinnait 
of which tlu' suh-a([ueous d(*posifs are being con- 
structed, and how retarded and gradual must 1)(‘ the 
descent of the particles to their resling-phi(;es, by 
reason of the velocity of the curnaits by wliiedi their 
transport is eftected, and also how widdv they must 
become dispc'rsed and spr(‘ad out as they appi’oach the 
quiescent waters through which they ti/ially sirik ; and 
considering also the sorting or sifting nature of the 
operations to which the particles are subjected ])etwceu 
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tlie moment of th(ir abrasion or removal an<l that of 
their ultiniatt^ S(‘ttlenu'nt, it seems difficult to imagine 
otherwise than that th(' actual deposition of the atoms 
(H)mpf)sing the sediment is effected in such a manner 
that they becoiiK? equally dispersed or spread over the 
suhja(^eiit formations, and so that, in regard to hori- 
zontality, the layers or strata formed by their accumu- 
lation corresp(jnd therewith. 

Tlie strata of which th(‘ aqueous rocks, now above 
the sea level, are constituted, indicate conclusively that 
the deposition of the sedimentary particles composing 
them occurred thus equably. Had it not taken place 
in that manner, the stratified structure of those rocks 
could not have b(‘en attaimd, and the sediment must 
have accumulated in lu'aps, and have become other- 
wis(' massed and jumbled together after a very confused 
fashion. 

d'he gradual accumulation of the particles uni- 
Ibrmly with the sit(‘ of (h‘])osition, that is to say, their 
(Mpiabh' distribution over tlu' subjacent surface, how- 
ever irregular its configuration, is manifested in the 
cinumstaiice of each stratum being generally found 
to 1)1' approximately of one thickness throughout its 
area, but characterized by just such a deviation from 
absolute uniformity in that respect as would result 
from a variation in thi' scouring power of the current 
by which the particles had been abraded or removed 
from their original situation, or in the velocity of that 



THE DEPOSITION OF SEDIMENT. 


85 


by which their transport had ho('n ofteeted ; and with 
the further exception, that the strata art' usually found 
to be thinned or fined down to a wt'dge shape towards 
their extremities, in eonset^uence, probably, of the de- 
struction of the rock (that is to say, the gradual ex- 
haustion of the pai-ticular kind of material) out t>l‘ 
wliich they were formed ; in short, the form and com- 
position of each stratum of a formation, espt'cially 
such as happens to be t)f no great thickness, and tlu^ 
manner in which stratum succeeds stratum, sei'in un- 
mistakably to indicate the approximatc'ly tMjuabb' and 
uniform mode in which the atoms were cumulatively 
deposited. 

Now, if the s(‘diinent composing the afjui'ous ro(‘ks 
in course of formation beiK'ath the oci'an, is thus gra- 
dually and eiiuably deposited over the subjaccait sur- 
face, it follows, that the configuration of any district 
upon Avhich such accumulations .are now taking place, 
does not become altered to any gnait extent by tin* 
formation of those sedimentary d(‘])osits upon it, how- 
('ver irregular it may be as regards th(‘ elevations and 
depressions characterizing it. Tii other words, the 
strata of which those dejiosits ar(‘ biang const ruc,t(‘d 
attain a position which is confonmible, Jis ri'gards 
horizontality, with that of the undeidying surface. 

In submarine regionftj ther(‘fore, not immediately 
liable to or affected by the influences of currents, wherei 
a new deposit is commenced upon a level surface, it is 
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to 1)0 supposed tliut tlio cliaractoristics of a plain will 
1)0 tlu'ro pr(‘Sorvo(l. Where widely separated and 
gently shjjunj^ prominences occur, the deposition of the 
sedinuTit and its accumulation into lamiiue and strata 
will not ultra* the original features of the locality, but 
will perpr'tuate its undulatory outline with, piadiaps, a 
t(‘nd(‘n(‘y towards an ultimate levcdness of surfara', in 
eonsiHpiencr', possibly, of a larger amount of sediment 
finding its way to the beds than to the sides of the 
int(‘rv('ning valleys ; and, where sr'veral prominences 
w ith sti'ejd}' sloping sides exist in close proximity with 
('ach otluM*, then', too, the original configuration will 
bi' pn'sm ved with a like tendency towards an ultimate 

l('V(‘l. 

And if such is the mode in which sc'dinuaitary 
matter deposits itsrdf, we are furnished with means 
for tlu' most reasonahh* exjdanations regarding the 
contortr'd appearancr' present(‘d by many of the arpie- 
ous nx^ks above the sea level, on sections of them 
bc'ing (‘X])os('d to view, and gr'iu ‘rally, also, with regard 
to the position of horizontality or deviation there- 
from, with which those formations are characterized. 
If, for instance, tlu'n' were to emerge above the waters 
a region which had consisted of steep-sided, elongated 
promiiu'uccs, with narrow valleys or ravines between 
them, and which had been overlaid to a great depth 
by a series of strata formed of sediment thus deposited, 
tmd if a deep gorge or cliamud were to be afterwards 
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cut tlirough the central portions of those tiills hy a 
rapid fresh-water current running at right angles with 
tlicir length, or by other means, their per])(‘iuli(‘,ular 
si'ctlons thus exposed to view must lu'cessarily ])rt\sent 
just the twisted and contorted appearan(‘e by which 
many a deposit is distinguished ; but if siudi a channel 
wore formed in a direction parallel with the haigtli of 
the hills, the aspect presented hy sections of tlu'ii* steep 
sloping sides thus exposed, would he very ditlerent, as 
i*(‘gards the apparent inclination of the sti*ata, from 
that which woidd he rev(‘aled undca* tin' (*ii*cu instances 
first sujiposed. Perptanlicular sc'ctions of more undu- 
lating formations would ])resent a lik<' vaiicdy, as 
regards the deviation of their strata from tln^ liori- 
zontal position, though in a less d(‘gre(‘ ; and, in the 
case of a horizontally fornu'd accumulation, that simple 
mode of deposition would he apparent, whahnan’ might 
he the direction in which the wattT chama'l had heen 
formed. 

Although, then, sc'dimentary math'r, on 1 a ‘ginning 
to deposit itself in localities wlii(;h hav(‘ hern ]>re- 
viously scourc'd hy euri-ents, and wh(‘re a griut rug- 
gedness of surface conse([uently exists, may a(;cumu- 
late in an irregular manner in the angles and cavities 
formed by projecting masses of the piimitivi' rocks, 
and impart some degree of evennt‘ss to a ]>r(‘\'iouslj 
rugged surface ; and, although in cons(Hjuenc(M)f the 
ocean bed, in different parts of the globe, being sub- 
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jectcd to a great variety of influences, the effects pro- 
duc(‘(l upon it are of a very diverse character ; yet, as 
regards g(aiei*al rc‘sults, there seems to bo ahundaiit 
reason for believing that the structure of formations 
created by the processes in operation in the ocean 
deptlis, bears a very close resemblance to that of the 
marine dc'posits found upon the continents and islands 
of the world. The mode in which the atoms or j)ar- 
tick's of abraded and disintegrated matter find their 
rest, tlu'ir generally equable distribution over the sur- 
face of rc'gions markc'd by all the inecjualities which 
constitute hill and valley, the continuous accretion of 
the difierent sorts of sediment into lamime and strata 
until tht‘y becjome piled up into vast aggregations, arc 
op(*rations that must result in formations similar to 
thos(5 of the upper world. And it seems difficult to 
form any other conjecture concerning the materials, 
structun^ and suj)erficial configuration of those sub- 
aqueous deposits, than that they would present, if a 
subsi(k‘nc(^ of the waters wore to occur, just such 
appeai-ances and characteristics as those by which the 
various sedimentary rocks wdiich arc the subjects of 
geological investigation are distinguished. 
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THE CTIRRENTS OF THE OCEAN. 


It is probftLlt* tbat the directhms of furreiiis are pcrioilieftlly varied, 
or pi'riiianeutly changed, in conseqtience of the different mo- 
tions of the eartii and its satellite — the effect of tin* moon’s 
revtdutioii round the earth — seasonal variations caused by tlie 
earth’s rev(dution in her orbit — the probable occurrence of 
otlu'r variations at longer intervals, in consecjueiua? of the 
“ nutation ” of the earth’s axis. 


If tlic currents of the ocean are produc.t'd in tlu* 
manner suggested in some of the previous ])ag('s, 
that is to say, in consequence of the jtassttgt' of tlu' 
projecting masses on the globe’s siirfa(M> tli rough tlie 
envel()])ing wtiters Avhich are Indd piirtially or alto- 
gether in a stationary or suspend(‘d stat(‘ ])y tlu' solar 
and lunar influence, it may he cussunu'd, that tiny 
would have attained a nomial condition, and would 
have become invariable, but for the otlu'r motions of 
our plaiK't, wlierehy changes and variations in the di- 
rection of th(' diurnal rotation, are occasioned. 

And, with regard to the configuration of th(‘ 
earth’s surface, so far as it results from tln^ action of 
currents, it may lie jiresumcd that it, too, would have 
been finally and definitively attained, had there been 
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only 8uc‘li an invariaLle daily recurrence of events 
as must have ensued hut for those changes and 
variations. 

()ti a consideration, however, of the various cvolu- 
ti(jns of the earth and its satellite, it becomes plain, 
always supposing the ocean to he influenced hy the 
sun and moon in the manner described, that they 
must produce a change or variation in some of the 
circumstances hy which the ocean currents arc oc- 
casioiK'd, .and in the sub-oceanic operations of which 
they are the cause. 

The revolution of the moon, in her monthly 
ney round the earth, effects very considerable changes 
in the condition of the ocean in many respc'cts ; hut 
wh(‘tli(‘r its influence materially alt(‘rs the circum- 
stanc(‘s to which the ocean currents, and the deposition 
of s('diment upon the ocean bed, are attributable, 
matters but little for the purposes of the present 
inquiry, inasmuch as the lunar changes, being of 
p(Tp(‘tuaI semi-monthly recurniiice, are not calculated 
to interfere with the established or normal condition, 
Avhich the waters of the ocean and the ocean bed 
would have attained, but for those other more slowdy 
developed movements of the earth. » 

By reason of that which is usu.ally tc'rmed the 
“obliquity of the ecliptic,’' but wdiich, as referred 
to the j)lane of the ecliptic, may be more properly 
described as the obliquity of the earth’s axis, or of 
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tlio direction of tlic earth’s daily rotation on its axis, 
(.very part of the globe’s surface, both iil)ov(' and 
l)elow the sea, undergoes, in the course of the eartli’s 
annual progress in her orbit, a change' of position 
n'latively with every part of the ecli])tical plane. But, 
('xce])ting a small variation caused by the “ nutation ” 
of the earth’s axis, and by a very minute, though 
permanent and most important alteration, oce'asioned 
by a similarly minute alteration in the angle' fornu'd 
by the earth’s axis (or by the plane of the' e'epiator), 
with the ecli])tical plane.', that change' of position does 
not involve any angular alteration, and altliough ve'iy 
e.*onsieleral)le in degree, it is only tem])orarv, thei re'sult 
Ix'ing that, at the end e)f a ejennple'te re'volution of the 
solid globe in her euhit, ('very ])la(.*e^ upon its surfae.!!' 
resumes its previous position. 

Now, notwithstanding every part of the; solid 
globe’s surface thus alters its position re 'lati ve'iy with 
every part of the ecliptical plane', it is at ])arts of tlie 
ocean which lie in or ne'ar to that plane that the' 
solar and lunar infliie'nce ever continues to be e'xe'r- 
cised in its gre'atcst eh'gree, and vlu'ce a gre'ater eh'pth 
of wate'r consequently C'xists, and whe'iie'e the; ele.'pth 
is diminishingly graduated. The' etlect is, tliat the; 
diivedion of tlu' soliel glob('’s daily rotation on its 
axis undergoes, in the course of the; year, a e;hange; 
rc'latively with those deeper and shallower parts of 
the ocean, which, being elependent on the solar and 
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lunar influoiioo, do not participate in the change. 
Hence tlie circumstances undc'r which the projections 
and irregularities on the earth’s surface are brought 
through or under the enveloping or superincumbent 
waters b(‘(M)me varied, and a variation in the direction 
of the oc(‘an currents is likely to be thereby occa- 
sioned in the course of th(i year. 

Corroborative of this part of the hypothesis, 
to some ('xt(‘nt at least, is the fact of which we are 
informed by g(H)grapbers, that a variation, in the 
direction of soim^ of the ocean cuirrents, at certain 
seasons of tlie year, does actually occur, and to which 
may bo added the circumstance {dluded to in the 
earlier ])art of this treatise, that a piuiodical increase 
or variation in the depth of water is observable in 
the iK'ighbourhood of some sea coasts. 

The (‘xt('nt to which the sedinn'iitary dei)ositions 
at tb(' bottom of the ocean may be indiri'cfly influenced 
or moditied, in conseipience of this annual revolution 
of the ('arth in luu- orbit, seems to be of little im- 
j)ortance as regards this 2)art of the subject, as it 
is an event which recurs at comparatively short 
intervals, and it api)ears unlikely that it would 
materially affect the formation of those vast masses 
which leqiiire centuries for their accumulation or 
removal. ' 

With respect to any effects resulting, according to 
the theory suggested, from that further motion or 
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vibration of the cartli wliieli occasions tlie '' nutation ” 
of its axis in a period of ninetecai yt'ars, it may 
be remarked, that numerous instances of tiaiiporary 
changes of level/* in different parts of the' workl, 
have been noticed. Although, howi'ver, many pheno- 
mena concerning variations in the risc^ and fall of 
the water have beem noted, yet it doc's not appear 
that long continued observations Inne been di- 
rected to the iiuiuiiy, whether v^ariations, n'cjuiring 
periods of several years for th(‘ir comph'tion, occur 
Avith respect either to the apparent advamu^ and 
recession of the s('a or to temporary allt'raiions in tlu' 
direction of currents. And it may, p('rha})s, be draw- 
ing too much upon appanaitly a(H‘i(l(‘uial <‘ircum- 
stances, to alliah' to tin* Hiictnations to which th(^ s(‘t 
of oceanic currents is known to be liable, as affording 
support to the conjectures Avhich have bc'cai adv.anc(Ml. 
This however is certain, namely, that, Ix'sidos flu' bri(‘l‘ 
periodical changes alnnidy alliah'd to as oceiiiTing at 
certain seasons of every y<nir, other alterations in the 
direction of those currents, an? viay often br*inging 
even the best practical navigators into trouble, and 
that it has not y(‘t been ascertained to what cans(‘s 
they arc attributable. 
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Till*: (iKNKHAli KFFKCTS PRODUCED ON THE OCEAN AND 
TITK OC'i:\N liED, IN CONSEOUENC'E OF THE MOTION 
OF THE EAirUl WHICH CAUSES ^‘PREC^ESSION/’ 

Tlie oarth may l)o roj^arded as a solid globe rev(dviiig withit) a 
watc'i’y orividopc, wbicli is maintained in a stationary con- 
tlilioTi by extei'ior influences, while tbe direction of’ the earth’s 
daily rotary motion is slowly and gradually changed — the 
<lirection of ocean rurrents must be<‘ome altered — the de- 
struction nf‘])revious aiiucous formations, and the dei)osifion of 
lunv ones must also t.ake i)lace — the sea must apiH^ar to en- 
croach ujain some ••oasis, ami to re(aMle from othtus — the 
resulfs pioduccd cun hardly become perce])fibfe in brief peritxls, 
but in the course of ages they must be of a striking cliara(!t«“r 
— some of them describ«'d. 


Tr now rt'iitniiis to bt" coiisidercMl Avlitit arc tlio pro- 
ba])l(' ('fleets prodiict'd upon tlu' sea and oct'tiii beds, in 
eonsi'fpu'iu'e of tlnit sb^w motion whitdi causes tdl 
parts of tb(^ ('artlds surface to be I'vtT pro<jjrossively 
undergoing; a verygradiud clninge of position rebitivc'ly 
with tbe fixed lu'aVons. And, in discussing this part 
of tbe subject, it is (b'sirtible that the manner in which 
tlie solar and lunar iniliK'ncc's are exc'rcised upon the 
watc'rs should b(' still borne in mind. 

It has bt'en contended in tlu' previous pages that, 
according to the tetieliing of astronomy, the waters of 



EFFECTS FRODITCED ON THE OCEAN UEl). 


05 


tlie ocoan are so influenced by those luminaries and by 
other circumstances, as to possess a greaha* (b'ptli or 
v(dume of water in certain parts wbicli lie in or near 
the ecliptical plane than elsc'where, and also that 
those parts of greater d('pth (and the otluT })arts of 
the ocean, so far as their di'pth is depeiahait on the 
sun and moon) always maintain a position which is 
al)solutc'ly stationary in relation to the ecliptical plane, 
while all parts of the eartli’s surface umha-go a pro- 
gressives change' of position relatively th('rewith. 

For the ])ur])ose of illustration in this r(‘s]K'ct, it 
has aln'ady he'cn suggested that the' (‘ai'th may he 
j*egard(‘d as a globe surrounded with and revolving 
within a wateay eaivelope*, which is nniintained in a 
stationary condition by exh'rior influeiuics, whih' the 
direction of the rotary motion of the encloseMl globe 
is uiuh'rgoing an (‘xtremely slow and gradual change', 
the re'sult he'ing, that the ])ositions e)f all j)ai*ts ot the 
solid globe’s surface are' in a c.ontinual state? of slowly 
progrc'ssive change', relative'ly with the? various parts 
of the suiTe)uneling e‘nveloj)e. 

Allusieni has he'cn pr(*vie)usly made? to the great 
disturhaiuH' e)f the waiters surrounding the globe', ex?- 
e!asiont'd by the rapid passage through them, by meains 
e)f the eaith’s elaily re)tatiem em its axis, e)f the vast 
pre)jectie)ns e)n the earth’s suhmerge?d surface, re‘sulting 
in numerous currents, and in the? productie)n of an 
enormous amount of sedimentary matter through tho 
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jibrasion or destruction of innumerable sub- aqueous 
deposits, and of formations exposed to the violence of 
such currents ; results to which, probably, the semi- 
monthly lunar changes, the annual revolution of the 
earth in its orbit, and the motion which causes 
''nutation ’’ also contribute. 

Now, the very slow motion of the earth, so .fre- 
quently mentioned in these pages, of necessity causes 
(in other words consists in) an equally slow and pro- 
gressive* change in the direction of the daily rotary 
motion ; so that, supposing the waters surrounding our 
globe to be retaiiu'd, wholly or in part, in a stationary 
condition (speaking of its condition with regard par- 
ticularly to its variation of depth) by the solar and 
lunar, as well as by other influences, the circumstances 
uiub'i* NN’hich tho projections on the earth's surface 
make* thi'ir piissage through the enveloping waters also 
become changc'd ; the variation or change of position 
thus undi'rgone by the earth’s surface', relatively with 
the surrounding heavens (and luaice' with the different 
parts of the enveloping waters), must occasion a cor- 
rc'sponding variation or change in the manner in 
which the disturbance of the waters occurs. Enormous 
tracts of the ocean depths, previously protected by 
mountain ranges, may by that change^ in the direction 
of the earth’s motion on its axis, become exposed 
to disturbing influences, and abrasion or dc'struction 
may hence occur where deposition was before taking 
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j)lace ; or that chaiigo may, on the contrary, bring into 
protoctod positions rt'gions previously cxposcnl, and 
where, eonseqnently, the primitive or otlier rocks, theiito- 
iore subject to denudation, subse(piently bi'come covered 
with stratum up(jii stratum of sedimentary matter. 

From the same cause, under and surface currents 
may become changed or destroyed ; strcniins, (‘un-eiits, 
(U’ sweeping volumes of water, may now he making 
their ])avSsago over or througli vast basins and ehanmds 
at the bottom of the sea, whore tlu‘ watt'rs wer(‘ 
before maintained by surrounding pnauiiuaiees in a 
(londition of absolute calmiu'ss and (|ui(\se(‘iiC(‘ ; and 
other portions of those vast sea diqdhs, through which 
rapid tornuits had previously poured, may now be 
clmraeterised by a phuad stillness. In lik(‘ manner, 
surface e.urrents may be uiuhTgoing alteration, in con- 
se(iu(‘iice of the changed direction in whic^h islands 
and continents are diiven through the globe’s wabay 
(aivelope, by the diurnal rotation of th(‘ (‘artli upon 
its axis. ^Vnd while, in some parts of tli(‘ w'ojhl, Uie 
coasts and channels of the sea are, by the same slow 
motion of the (‘aidli, or change in the di]*eefion of the 
daily rotation, being brought perinamaitly neaicT to 
the ecli})tical plane, and therefore into deeper ])ortions 
of the Welters which surn^und our globe*, so that a slow 
but permanent .submerg(*nco of the hnid, or encnaich- 
nient of the sea upon the land, is theri! ap[)areut, in 
other places they are being carrii’d further from 
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th(' rdi[)lica] plaiK^, niid into slinllower portions of tin 
watc-r, wliereljy a f^Tadiial and p(‘nuanent recession of tlu' 
sea, 01“ (‘jiier^vnc(‘ of tlie land, becomes tliero manifested, 
so as to ])i“oduc(‘, apjiarently, the cdfect of “upheaval.” 

The extrc'inely slow and gradual, tliougli always 
progi’(‘ssive and absolutely e(‘rtain, eliangi' in the (*ir- 
cumstanec's, under which the globe’s irregularly confi- 
guratc'd surface and the water's of the ocean mutually 
act u])on ('ach otluT, lh(‘ on(‘ by rt'gulating the force and 
dii“(Ttion of curnaits, tin* other by destroying projection> 
in sonu' places, and conveying the sediment to others, 
can hardly effect within brief periods any great alti'ra- 
tion in the condition of the ocean bod, or in tlu' 
ndativo positions of tln^ s('a jind dry land, but, con- 
tiniK'd through lh(‘ ages which are assigned to geologi- 
cal o])('i“ntions, it must produce results of the most 
striking character. It ai>p(‘ai‘s, for instance, that, in 
cerlaiu subni(*rged tropuuil i’(‘gions, a chalky depo- 
sition is l)eing forme m 1 on an extensive scale, by 
the mallei* abraded from the immense coi’alline for- 
mations there abounding, or by otlier nu*ans. In 
that chalky sediment, nuniberh‘s^ marim^ animals 
must find tlu‘ir tomb ; and whili', during centui*}' 
aftm* century, it is thus gradually accumulating, 
those regions are by the same slow motion of tlui 
txn*th Avhich alters the direction of its daily rotation 
being carrii'd (dtlu'r neai’er to, or further from the 
('cliptieal plane, that is, either towards or from a situation 
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in wliicli tlio wutcrs of tlu? ocean are pcTiuaiu'nlly \v- 
tallied ill a condition of greater depth. If the .sea bed 
is being carried from the ecliptical plane, its jirogress is 
towards regions where, in consecpience of llie earth’s 
sj)hericity, the solar and lunar infliience is less powi'r- 
fully exercis(‘d and where, consetpiently, the earth is 
not covered by so great a deptli of ocean, and wlu'rii 
those previously siibnu'rged chalky foianations will 
gradually enu'rge from thi^ superiiKaimbiait watc'rs, and 
ultimately form a large pro])ortion of an appanaitly 
“ upraised” contiiKuit in t(‘m[)erat(! latifndes. 

And such is tlu^ change, as i“i‘gards [xisition, ns 
latively with the dith ‘rent parts of th(‘ watery 4‘nv(‘lo])(‘ 
of uueipial d(‘pth or thickness surrounding ou% globi', 
which sea beds, with all coasts and chaniuds, and all 
th(‘ so-called “ upraised ” portions of the ('urth’s 
surface, must be undergoing, if the asti’onoinical 
account of the solar and lunar inHuenc(‘ upon (hi^ 
ocean, and of that slow motion of thi‘ (‘arth, wl)i(di is 
di'seribed by astronomers as resulting in tin' [u'ecu'ssioii 
of the equinoxes, be correct. Those parts of tlie solid 
“crust” which are now entir(‘ly or ])ai‘tial]y sub- 
merged, must be progressing in a condition, either of 
deeper submergence in, or of emergence out of tlie 
supv;rincumb(‘nt element. Wliil(‘ in some [>arts of the 
globe, the material is being abraded from the rocks 
forming present sea boundaries, and a gradual (ui- 
croachment of the sea upon the land is oc(;urring, in 
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other rof^ions, s(^a chaniK'ls are becoming shallower, 
the sea ap]j(‘ars to bo recoding, and by vslow and ini- 
j)er(^e])til)l(^ di'grees, (difFs previously washed by thi' 
tides are ](‘ft piainanontly dry, and, aftcT the lapse of 
ages, oe(‘upy a far inland position. Similarly, may it be 
that vast submerged accumulations of sedimentary d('- 
posits ar(' being broken u]) or being newly formed ; that 
mountain ranges in the ocean depths are undergoing 
a ])roc(‘ss of (haiudation ; or, while the upper portions 
of tlu'ir primitive structure an^ being thus laid bare, 
vast d( ‘posits are being formed in the valleys at theii’ 
has(‘s. Whiles one formation is accumulating from the 
materials of another, both may be progressing towards 
r(^gions/ro])ical, tempc'rate, or frigid. Tn the various 
accumulating formations, tlui marine animals, and 
possibly the vegetation, peculiar to the diflerent 
latitude's, are being (aitombed, and those dt'posits, 
when cai’ric'd in the course of ages by the same slow 
motion of the earth into otlu'r climates, may b(^ 
suc(*e('(led by otlun-s, in which other kinds or species of 
animals and plants may find their places. 

Such are some of the probable opiTations to which 
the sulmn'rged iiortions of the earth’s “ crust ” ar(‘ 
subjected, in consequence of sea and ocean being 
affected by the sun and moon, and probably, by other 
influences, in the manner described, and of the globe’s 
daily revolution on its axis undergoing a change in 
the direction of its motion. And it seems reasonabli' 
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to conjecture, that tiny arc of an exactly siniilar 
cliaracter to those wliicli have boon in piv^^ress ever 
since the earth came to he first encircled >\ith the 
watery element, and that the iinnu'iist' d('j)osits of 
marine sediment, \vlii(‘h now form so intt'resting a 
to{)ic for geological inquiry, originated from priM'isely 
similar causes. That extremely slow, though rc'gularly 
progressive character, which disti7iguishes as wx'll the 
operations described as the caus(\s producing them, 
appears to be in perfeuit harmony with the prinei])l(* by 
which such of the other great operations of nature' as 
ar(' familiar to us, an' n'gulated. Tlie sub-oceanic 
(‘ftects which have beeai diseaisse^d seem, in fact, e)nly 
to form a portion of the same* gr(*at work, which has 
bc'en gradually developing iise'lf through tbe> vast 
period comprehended in the eartlds whole history. 
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THK EVIDEXCKS OF GKOLOGICAT. EVENTS PRESENTED 
BY I'JIE SUPEUFICr VE CONFIGURATION 
OF THE DRY LAND. 

In oonsrqiitjnri' of the direftioii of the earth’s <laily rotary motion 
being nonnanuiUlj altered, some parts of the eartli’s submerged 
surface must, be rising towards and above the st?a stirfac*' — the 
highest peaks and ridges of some mountain ranges would first 
appear, then }»r()jections of lesser altitude, and ultimately 
extensive tracts — the probable operatbms ensuing upon the 
emergence of any part of the ocean bod — tlu' formation of 
riveu’s and the imoduction of alluvium — the indicati(ms of 
sucli an eim.'vgence wbicli are presented by the contiguiation 
of different localities — the denudation of tin* biglu'r parts of 
elevated distnets — the tokens of mountain valleys having 
bc'cii occuj)it-d by vast streams — the appoaramn! <d‘ wrt'ck and 
disor<ler pn'senft'd by those valleys — indications (T watm 
having been pent up in tlnur lower portions in the form of 
laki’S, and of its having been substapiently drained off. 

The pr()l)n1)lo opcnitions in proj^i’css Ixuioath tlio 
waters of the ocean having betai discussed, a few oh- 
servatiotis will now he directed to some of those evi- 
(huices of geological phenomena which are presented 
by the superficial configuration of the dry land. 

It is affirmed by writers on the subject, and, in- 
deed, it is manifest, tliiit th(3 configuration of those 
parts of the earth’s crust ” which lie above the s('a 
level, presents just such indications as would have been 
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nccasioTicd liad tlicrc lanni a p^radual suLsidciuH’ of 11 k‘ 
waters. But wo are iiiforniod by men of scicaiee, that 
tlie conditions und(T which tlio at<n\s liold their place 
upon our globe’s surfact' rcaider the hypoilu'sis of a 
gi'iK'ral subsidence untenable ; and the conclusion ar- 
livi'd at by most geologists, namely, that the earth’s 
crust has been for ages, and is still undc'rgoing, a pro- 
cess of violent, though gradual ujdK'aval, is giaierally 
ac(piie‘SC(Hl in. 

Tt is, however, one of the objects of the ])r('s('nt 
tr('atis(' to show that the indi(‘ations in (pavstion arc* 
attributable to otlu'r than ('itlnu* of thosi' cjiuscs; and 
that the dry land is formed in consecpuaici' of tin' [)o- 
sition of that portion of tin* (\arth’s surfa(‘(‘ constituting 
it being, by nu'ans of an (‘xtix'UU'ly slow though I’cgu- 
hn*ly progressive change in the direction of tin' ('arth’s 
daily rotation, permaiu'ntly alh'red relativi'ly with tin' 
sun and moon, and brought into a situation whi'i t^ the 
influence of those luminaries upon tlu^ occ'an is i'X('r- 
cis('d to a diminished exti'iit, and where, (Mnis('(ju('ntly, 
the av('rage depth of water is h'ss tlian it is in other 
parts lying nearer to tln^ ('(*H])tical plane. 

In(h'pendently of the indications of tlu^ flaniei 
|)revalence of water ovt'r the parts of tin.' (‘aj'th’s 
surface now forming dry land, which ai'e aflbrded ])y 
the internal structure of the acpu'ous rocks, ainl hy the 
interesting relict abounding in many of tluaii in a 
fossil form, e\a'ry country presents in its supeihcial 



101 


kvij)i:n(m:-; of geological events 


cfinfi^uriition very striking evidoiicos of that eh'inent 
having (lisa])])('aro{l from its sui’faco, by just such an 
(*xt](‘m(‘ly gi’adiial process as that ^vhicli must hav(' 
(‘iisiu'd had the laud slowly eimuged out of the earth’s 
watcay envelope, in the manner already explained. 

And what, according to the hypothesis suggested, 
would he SOUK' of tl'ic prohahh' effects upon any part 
of fclu‘ glo])e’s surface, in consequence of its position 
l>eing tlius gradually ehangiMl? Any region lying 
beiu'ath the profound depths of the sea, in the neigh- 
bourhood of the ec.liptical plane, must, by the change' 
wliieHi the diiTediou of the eairth’s daily rotation is 
uiub'rgoing at an ahnost imperce'ptibly slow rate, 
gradually approae*h neareu* and nexirer to tin? surfaea* 
of the' e'nve'lo])ing watews, in e'onse'epu'iice of its being 
bi'ouglit into positions wheue the wateus are of less 
d<q)l]i than in tliose whiedi it previously occupied re- 
lative'ly with the sun and moon. As its distance fremi 
tlu' e'elipti(i is ineavaseal, the infinemea's of tlu^ oeaxan 
upon it ])i’ohahly l)ea*.ome graelually changeel; the higher 
portions of the mountain ranges will be the first to 
f(M'l the' effe'cts of the upper currents of the ocean, and, 
as they apjiroach a conelition of emergence, may 2)os- 
sibly cause those currents in part to change their 
direction, by comiielling them to flow through their 
rocky channels. 

The first tokens of some future' continent pri'sented 
to observers of the present day in the character’ of a 

“ viTi-nLon vnpL ** nr n Honornrmw rpof ” nr m l^nl^ nf 
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rn^^^ed “ breakers,” miiy form tbe highest jx'ak or 
ii(lg(‘ of soiiK^ mountain system, Avliieli is thus ap- 
proai.‘hing toNvards, or enuTging above, the s(mi surfaee. 
Ag(\s may elj^pse ere such rooks will I'niia-ge so lar as 
to form a mid-ocean group of islands, and still vaster 
jx'riods pass before their change of 2)osition \\'ill cause 
tliem to rise so high out of the water as to assunu' the 
dimensions of a continent. 

It is prohahl(‘ that many a clustcT of once ocean 
waslu'd, ])a]‘tially suidvcn ro(‘ks, has thus ennagcMl ahov(‘ 
the seji; and that, long after their emergence, the si‘a 
continiK'd to flow in currents of diilerent velocity and 
volum(‘ through the suhnuTged channels and vally's 
at their has('s. In eonse([uenc(‘ of the (toutlimation of 
the elevating ])roeess, rocks or islands, prcsviously a])- 
pearing as if detaiihed from (‘ach otlnu’, may have 
he(M>me united, by the (‘mergence of tlui intervening 
]>arts of th(‘ saiiK' mountain rang(‘ ; projt‘(;tions of 
h'sser altitiuh' with other ])arts of the same district 
may have also gnidually approac^lnxl towards, and riscai 
above, th(‘ s(.*a level ; and, at length, after the lapse* 
of many ag(’s, an extensive tra(;t of dry land may 
have mad(? its Jipp(‘araime. 

In such a maimer does it semn proliable that por- 
tions of the earth’s ‘"crust,” formiTly lying at the 
lowest ocean d(*pths in tropical regions, havi; <‘om(‘ to 
emerge above the sea in otlnu’ latitmh's, and to form 
the various islands and continents of the preseait day. 

Immediately upcni any part of the globe’s surface 
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b(‘inp^ thus pormaTUiitly olovatod above the n'lieh r)f the 
s(^a \vav(‘s, it would Ixromo exposed to the rain and 
ni()istim‘ of tb(^ atniosjduTe, wbieh would find a lodg- 
ment in various eavities, or, making its way down 
nunu'rous sbjj)(\s, would b('(‘ome united in fresh water 
stn'ams. 

rmnu'diatc'l}" would b('gin, too, all tlu' operations 
wlu'reby llu' matrrials of which alluvium ” and fresh 
wa(('i* formations consist, beconu* aecnmulah'd. Tin* 
surface of (‘ven llie hardest rock becoming pnlver- 
i/('(l and (lisint(‘grat('d by (‘X])osur(‘ t<> the (‘xtreTiu's of 
lu'ai and col<l, of drymvss and moistun*, and to otlua- 
ainios])lu‘ri(‘ infliu'nces, would be continually washed 
(►If in large ([uanfities and borm^ into tlu' sti’(‘ams and 
riv(‘rs ix'low. Marine {b‘])osits, which had accumu- 
lated beneath the s('a and liad surviv(‘d its jissaults. 
Would b(* similarly atf('ct('d. TIu' riv(a’s ilowlng thi'ough 
tlu‘ lower parts or b(.‘ds (d* rocky vall('ys, whose whob' 
brc'adtbs ])r(‘vious to tlu'ir emergtaice had binai occu- 
})i('d by swift s('a currmits, would become cbargi'd with 
tiu' juat(*rials thus removed, which would ac'cuimdate 
in loc;diti(‘s ofiering facilities for tlunr doing so. 

As tiu' surface of the dry land b(.'(‘anu‘ enlarged 
by tlu' continued enuTgence of the sanii' districts, a 
still gn'ati'r amount of material would be washed 
tlua’i from by the incessant action of the rain and 
moistui*!' tVom the clouds, and carried down and 
lotlgcd at different j)arts of the A'alleys, at and about 



PRESENTED HY THE SURFACE OF THE LAND. 107 


tlic tidal ciu])oiu‘liiiros of wliieli it would accuiuulatt'. 
The ouicrginij; process contiimiii^, mountains and hills 
of l(\ss(T lu'ight and magnitiuh', with tlu' wider areas 
hetwoen them, would he hroup^ht above tlu' s('a, ; and 
from this Increased surface a larger amount of drainage 
of fresh water would find its way into the sln'ams and 
rivers, and Ixvome collected in extensive ]*('S('rvoirs or 
lakes. And, lastly, the less irregular portions of tin' 
s('a hal, pn'viously protect'd from the wt'aring action 
of the water by other already risen land, having now 
approaclu'd the surfa(!(' of tin' S(‘a, would bi'conie tin' 
site wlu'reon ininiens(' quantith's of s('a and fn'sh 
wab'r washings from fin' adjacc'iit rocks would be 
de])osited in tin' form of mounds ainl hills of various 
dimensions. 

The following are some of tin' evidc'iuM's prc'si'nb'd 
by tin' supiTficial configuration of diffi'n'nt localities, 
which se('m to corroborate tin' foi'egoing brief sk(‘tch : 

First. Tn all alpine' districts tin* bigln'st mountain 
pi'aks and rielge s an' (‘iitin'ly demnh'd ol‘ all the ma- 
terials of which the action of tin* se'a could (l(‘priv(; 
them ; and many hill smnmits of otlaa* localitie-s are* 
similarly charact(‘riz('d. In those situations tin* primi- 
tive' or otlu'r hardest eh'scrijdion e)f roe;ks are* baie' 
and eh'stitute' of e*v(‘rything like? a se'elime'iitary e!ove‘r- 
ing. And he‘ne*e', it seems reasonable* to infer that 
their de.‘nudatie)n oe*eairri'el whe*n tln*y we're*, in a sub- 
nK*rg('d or partially submergeel state, anel when tin y 
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crnisc'fjiioTitly cxposod to tlio full forcT' and action 
of the s(‘ji and its diflenuit currents. The niountalii 
tops heinj^ the highest projections of that region of 
tlui (‘arth’s surfa(*(' in wliich they are situate, would, 
at all tiiiK's until th(‘ir (‘mergence*, be subject in the 
gr(‘{it(‘st degr(*(* to the assaults and ravages of the 
oc('an ; and tin* unprotech'd situation of many other 
})roj(‘ctions of l(‘ss(‘r altitude* would rendi'r them also 
ji(;c(\ssihle‘ to its viol(‘ime\ 

Secondly. The* highest valh'ys of mountainous re- 
gions jm'sent tokems of tli(*ir having he(‘n once wholly 
oceaipie'd by ('iiornious streams of great v(‘locity. At 
(•(‘rtain ])arts of those valleys the^ sid(\s of the moun- 
tains by which they are forine‘d are* more* nearly peT- 
[HMielicular than e*lsewhe‘re*. The* plac(*s thus distin- 
guished occur at nearly iTgular inteu’vals, and seem to 
liave be(*u suhj('ct(*d to greate*!’ violene‘-e than that to 
which otlu'r portions of the same mountains in the 
iniine'diate* ne'ighhourhood had been e*xpos(*(l ; and they 
[U’est'iit tlie* appi'arance that may he su])i)osed to have 
re ‘suited from a ])owe*rful eurre‘nt having conce?ntrate?d 
its force at those particular s])ots during h'ngthemcd 
piu'iods, and from its having se't ohliepudy upon them, 
in conse'epience of the obstacle it met with on the other 
side of the valle*y, wdiere it re‘ceiveHl an impulse which 
alt(*red its course, and cause*d it to re*bound from the* 
rocks at an angle ne*arly the same as that at which 
it had approacht'd them. 
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Such iiitlicatioiis arc very general in the' higluM' 
parts of the Swiss valleys, and are traceable for con- 
sidorahle distances ; jnid tiny suggest tin' idea that 
the currents which once hlled those' rocky chaniu'ls 
flowed in a zig-zag course, and had ohliepn'ly set 
against and bc'en repelh'd from those' partie'ular ])laee's, 
and hael eh'seriheel angle's in the same' maniu'r as 
angles are fornu'el by the billiard ball wlnui impe'lh'd 
obliepie'ly against the table’s sieh'. Similar ap])('ar- 
aiUM.'S oe-e'ur eai the parts of the nn>untains which lie 
e)pposite‘ to the' e'mhe)U(^hiire's e)f tln^ gre'at late'ral val- 
leys, wlu're' otbe'r gre'at volumes e)f wale'r may he' su])- 
pose'd te) have iningle'el with the main sfre'am. 

It seK'ins leasihle to su])pe)se', ace'oreling to the* 
hypothesis suggeste'el, that, as those^ mountainous elis- 
tricts were ap})roa(ihing the se'a surfae'e*, the'y so moeli- 
tied the* e'ondilion of the oe^e'an in the' vie*inity in whie'h 
their enierge'neie* was oe^curring, that portions e)f the 
vast eairivuts whie'h ])re'vailed e,ver e'xte'iisive^ an'as 
we're' eliiee'te'el into, anel we're^ made* to How tbn)Ugh, 
the re)cky channels thus preseniteHl to the'in, anel that a 
diverge'in^e' from the course* previe)usly j)ursue'el by the 
curre'iit was to some* extent thus oeMuisione'd. 

Anel that those* valh'vs were emeie* ontire'ly exicupied 
by powe'i’ful curre*nts is alse) indicateel by otln'r signs. 
The barene'ss of surfaeM.*, and the ge'ne*ral rugge'el and 
elisturhed appearance by which the; mountain side's 
hounding the; valleys are distinguishe'el, are e'ffe^eds whie'h 
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would i)i’o])u])ly hv produced l)y cuiTciits of grcut iiiagiii- 
tud(‘ and velocity. Tlie Isolated situation of enornious 
masses of rock, wliose oi'i^iiial dislodgnuait fi’om tlie 
pai‘(‘nt mountain, and whosii removal to tli(‘ir present 
sites <;nuld only have lu'cn (‘if(‘cted hy the long con- 
tinued }ip])lication r)f a powca* such as would exist in a 
(*urr(‘ni of gn‘at force and volumi' ; the numherless dc'- 
tached 1ftiuss('^ of Mindka* siz(‘, with whi(*h the valk‘y*s 
ar<‘ hestrewc'd ; the accumulations of siirlac(' washings 
in positions which would afford protection against tlu’ 
foi'cc' of tli(‘ sti\‘ani ; and th(‘ gema’al asp('(*t of wr(H*k 
and diso]d('r which characterize those Alpine valleys, 
aiv strikingly sugg(\stive of their having heen entirely 
filled in r(‘mot(' periods with streams or (‘urnaits, which 
exercised upon the chaniu‘ls through which thtw flowed 
an almost iri'esistihk' disturhing pow(‘r, and produced 
till' iiinst devastnting effects. 

Thirdly. All the valleys of mountainous districts 
through Nshich rivers flow, present very striking in- 
dications ol* water having keen accumulated in them 
in till' form of lakes, and of their ha\ing hi'comi' 
draini'd in c«)nse«pu‘ncc‘ of the harritu’s at their con- 
tracted parts having heen broken through hy the vio- 
lence of the out flowing torrent. The accumulation of 
^sedimentary soil at those contracted j)arts — the k'vel- 
ni'ss of the valli'v beds contrasted with the steepni'ss 
of the mountain sides hy which they are houndi'd — 
the chai-acter of the soil through ^^'hich thi' rivers 
have cut or worn their present channels — the broken, 
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;ni(l ,()i't('ii pr(Ti})itous iiatiin* ol* the passa^i's 
hy M'liieli till' river now makes its i‘xit throu^li tliosi' 
nari'ow elianiiels— tlu' horizontal lines whieli in sonu' 
[ilaces seem to mark a fornii'i* still-water margin, are 
some of till' indications alluded t«>, wliieh an.' traeealili' 
llirouj;'!! all those parts of tlu' mountain valhys throuj^h 
which rivers take their iM>urse. 

The lii^her paids of a mountainous ti’aid, Inn ing 
eniergi'd from thi' oiM'an in ihi' maniu'i* di'serilxMl, tin' 
rain and nioisturi* of the elouds deseending upon their 
surfaei' would find its way to the si'a, through those 
valleys lying above the sea surfaei', into which it had 
heeu drained. In the heds or hottoins of those valleys 
through whose entire lireadth hugi' oi'eiiiiie. volunnss 
of water had haig [ireviously swept, rivers would Ix' 
thus foriiK'd, whose lower portions hi'ing directly eou- 
nected with tin* oci.'an would he subject to tidal alter- 
nations ; and with the emergence of* larger parts of 
the same mountain region, furthei* portions of its 
valleys would also apjietir above the si'a, and their 
greater width, increasing with the increasing dislanixy 
from the most elevated part of the disti'ict with wln\;h 
they were connected, would present enlargc(l facilitic's 
for the outflow of the drainage. 

Til the mean time, liowever, numerous colh ctimis 
of surfaci' di'aiiiage would be formed. Wherever the 
mountain or hill sides hounding a valh y apjiroached 
each otlier so as to narrow* the pas>age belw'e<‘n them, 
there probably w'ould the greatest quantity of abi'aded 
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inatt(‘r (l(‘[)osit itself. Tin* accumulation thus occa- 
sioned would i^^radnally increase until the bed of the 
vall(‘y in that part had become so miudi raised as to 
])n\sent a partial barricT against the outflow of tlu* 
(airri'iit, and to (‘ause the waters thus dammed up 
b(‘liind it to assume the condition ol a lake. From 
11 lak(' thus forin(‘d hy th(‘ accumulated waters of a 
mountain region, then* would however be always an 
ov(‘rHow into tlu* jiortion of the valhy imuu'diat(‘ly 
h(‘low it, th(‘ wat(Ts in which, b(*ing retaiiu'd hy a 
similar narrowing of the valhy and by the di'position 
of s(‘dimentaiy matt(T, would form another lake at a 
low(T h'vel than the last. And, in short, whenever a 
vall(‘v ha])j)t‘n(‘d to la* surrouiuhMl by (‘xhaisivi^ moun- 
tainous or hilly tracts of country, and so hemmed in 
as to ])res('nt (»nly a narrow ('gri'ss for the waters, 
then* would tin* drainage lind its propiu' lodgment, 
and acciiniulat(* into the <liiiiensions of a lake, and 
retain that (‘ondition as long as th(‘r(‘ n'lnaliu'd ob- 
structions sullici(‘iit to liimlor th<‘ onward ju'ogress of 
tlu' current. 

And such, ill fact, seems to Ik* the mode in which 
tlu* waters of many a river of the present day become 
p(*nt up in tin* valli*ys through which they How, and 
form a chain or s(*ri(‘s of lakes ere they finally escape 
from till* mountain regions in which they originated, 
and emerge into the mort* uniform jiortions of their 
journey to the sea. 
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•I'lIK SVMK I’Ali T OK TIIK SI’ li.l KCT CON Tl 

i'lic uniiUuil of foniu;r c'Uirt'iit.s is iiidicnli tl in 

alniosl ri\ii''s coiiiso— -loH imsil \ of siiiuiiis mihI tlio 

oifevts tlimdix prothiroil (in (lirir luinks — lln' liill sidt'S Itoinid 
iii^' iiiiiiii vjiIJcNs dll' Ix'ds of uliic}) rivers now llow, 

are marked in a similar maimer- ])reseiit riNerelill's, Ae.,r\aed\ 
resemlilo dm hi^irli IdnUs and lieadlands id' hilly disM'icls--die 
elon,L;ati‘d sliaixi of allu\ial hills, Ae., Ae, — most rivers now 
oveiiin cliauiiels (III indie Imds of foriiur laki s or river.s — 
osluaries — du' modi' in whieh rivers :u'e disehaived into tin' 
soa — i,n'neral efl'ects upon tin; draina;fe of a roiintry proiluced 
hy the loweiiii;^ of die sea le\('l on the coast — the Inferences 
dedimihle from tin' mainn'r in which the dry land is cha- 
raeti'i’ised, are in accordaiico with die h\ pothesis advanced in 
pixeeding sections. 

Tjik (‘vidciiccs of fonnor accinniiliitions of fri'sli 
NViitor, tind of flii'ir ^Ttidutil in 

Dtlior locjilitios Ix'sidi's tliosi* wliicli tii'o of ;t nioiin- 
liiiuous (diartu'tcr ; und td’o tln'V lni(‘('id)lo 

tlirougliout tlio coinso, of ovoiy rivop, vvluitovor inny l)o 
the L‘barii(:tiT of tlio rogion in wliidi it or 

tlirou^li which it Hows. 

Every rivc^r Howin^- tliroiijjjh dist riots fornicd of 
iiiatcTials cajiahle of liciii^* readily wtislii'd or worn 
away by the tiction of tlie current, may lie oliservidl to 
[)ursuc a more or le.ss tortuoas coiirsc; wh(.‘tlier the 
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IjukI Ly Avliicli it is ])()nlfT(*(l bo flat or billy. That it 
sliould 1)(* tlius cliaracti'rized sooiiis to bo u nooessary 
(•oiiS(‘(|uoiic(‘ of tbo abradinj]^ o|K‘ratioiis which ^ill run- 
ning' stn'ains oitbct. As they proceed on their Avay, they 
b(M‘omc (“liar^'cd with an iiKavasinp; quantity of the soil 
naaoved from tlaa’r i)eds aiui banks liy the action and 
force ol‘ tlie current, the accumulated de])osition oi' 
whi(*}i occasions numerous obstacle's and im])edi- 
imaits in diib'nait parts of tlu' route', wliere'by an 
allea'ed dire'ction is t^iven to the onward tlow of the' 
wate'i*, and, ultimate'ly, a winelinp^ or tortuous e'harae'teT 
is imparte'd to the* stre'am. 

It may bt* olise'rvc'el as a feature' of every windiuL^ 
rive'r, that wlu'reve'r a bemd or turn occurs, tlu're the* 
stre'am always sets elire'ctly u])on one.' of the* banks at a 
])oint iVom which it is re'pe'lle'el with e'onside'rable force, 
and wln'i’i', e'onse'epie'iitly, a j^re'ate'r anmunt ol‘ abradi]i,i^^ 
])ow('r is exe'i’cise'd. And it is usual to iind that the 
part of a riverV hank wlu're' the st]*e'am thus s(‘ts is 
])e'i’])endie*ular, and is e)f a’n'ute'r lu'iij^ht tlian that iin- 
uK'diate'ly opposite* to it, olh'ii lR*in^-, in fact, tormed in 
a hill side, a»i;ainst whie'h the e'urre'ut has he'eii elirecteel 
in ce)nse'{pu'nce.' of the ])articular e'ontijj^uration of the* 
e'ountry through which the river we'uds its way. Such 
operations may he observe'd in actual pro^re-ss on the* 
banks of e'very river, and ])articularly in districts of a 
hilly or undulating character. 

It may also be imticed that the hill sides forming 
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the main vallov of a nv(T, and iinnn'diatolv bordcriiii:’ 
iho rivor’s oourso, air almost invarialdy markiHl, at 
])lacos wlioir a bond or turn in tlio vallov occurs, ])y a 
sto(‘pnoss or abru])tnoss, just such as would liavo bi'on 
})roducod liad tlio strc'am flowed throu^*li tlio valb'y in 
(‘onsiderably lar^-ta* voliinu', and, by sottiin^* directly 
ap;ainst those plact's, bad washed the soil (lu'ridVmn, 
exactly in the manner that tlu' priscait ri'duci'd current 
is W(‘arinu’ away its own baid<s at (In' angle's occa- 
sioned by th(‘ tortuosity of the stream. 

It oft(‘ii hajipi'Tis that onesich' of a rivm’ is hounded, 
in some portion of its route, by a tract of It'vcd land, 
of greater or less (‘xtiait, aial on tin' otlna* by a bank 
or cliff of consi(h‘rabl(' height, at or against the im- 
mediate foot ol‘ which it takes its ])r('S('nt course. 
Almost cN'cry riv(‘r is thus charact(‘ri/i d as w(dl in 
th(‘ ])arts lying a])oV(‘, as in those which Jin* within 
the tidal rang(\ Tin' a[)pearain‘es tlius presented are 
exactly such as may Ix' su])posed to hav(‘ ai'isiai, in 
conse([Uence ol‘ the force of the stream ha.\'ing set 
against a hill side, Avliicli ha<l fornn'd an »)hstructi«)n in 
the Avay of its iiatnral flow, and liad be<-n partially 
worn away by the action of the cunent. In many 
places the stream may, in fact, be observed t») b(‘ still 
exercising its wearing ])ow'(‘r upon tin' very bjink 
against wliich it rtp[)ai-ently had formerly s(‘t when it 
flowed in considerably greater volume, and wdth much 
greater effect. Sucli “ river cliffs,” as th(*y may be 
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called, are vei*y su;^‘”'( ‘.stive* of j^reat ewpaiise.s of water 
liaviiijj^ once prevailed in tin' iu*iji:liboiirlioo(l in which 
they ('xist, and of tlu? water having hecome' gradually 
H'diiced in d(‘pth, until it had disappeared fi’oin the* 
highest ])art of the hill out of which the cliff or hank 
w'as aft(‘rwards foi'uu'd, when the cuiTenf, Ix'ing regu- 
lated hy th(‘ particular conliguratiou of th(‘ country 
over oi* in th(‘ inid.st of whi<*h it ilowed, received an 
ini]»uls(‘, which diiu'ctenl its forex* against this hilly 
ohslrue*tion, anel imnu'diately he‘gan to operate' uj)on 
th(‘ nialerials e)f whiedi it e‘e»nsi.steel. It may he sup- 
pose'el ihal the' wate'r, e'ontinning to eh'cre'ase in epian- 
tity and eh'jdh, came to assume' still more* definile'ly 
th(‘ e'raiditieai of a rive'r ov stre'am, whie*h e*ontinu('d to 
sot with, pe'i’haps, ine*re‘as(‘d vlol(‘ne*e', against the' e'Hff 
or haidv, the' fu'ination of whiedi had Ix'eii thus coni- 
iiK'iiced ; and, as the* de'pth and wielth of the stre'am 
diminished, it may have' gi*adindly and entiredy re- 
movi'd that jiart of tlu' hill sid(>, anel have' fornu'd for 
itsedr a e-hannel through tin* st'dimenlnry matei’ial 
conijiosing the hed ol‘ the' pre'viously existing large'r 
sli'i'ani or e'\[)anse' of wate'r. 

Anotlu'i' evieh'iu'c ed* stre'ams of great magnitude 
Inning once exi.ste'el in localitie's whiedi now lie far 
ahoN'c' the' h've'l of any ucighhouring river, consists in 
the' suelden ahrujitness with which a portion ejf some* 
hills are distinguishe'd, while* their otlu'r parts retain a 
de'see-nt of a very gradual and uniform characte*r. 
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The parts of hills thus inarkt'd si'caii to havi‘ hinai 
f(»niied into hliilfs or lu'adlaiids hy tlu' eiirrent sc'ttliii; 
against th(‘iii with coiisidcTahh' fori‘e, and having 
carried away from those parti en la r plain's largt'r p<n’- 
tioiis t)f material than from otlu'rs wlu'in', as it may h(' 
iiifi'rred fiom the gi'iith' and uniform slo[)e of tlu' hill 
sidi's, the stream flowed with gri'ater ([uii'tiu'ss and 
e(piahility. 

Snell hliitfs or lu'adlands arc' a])[)ar<'ni in ni'arly 
i'VC'iy hilly district through which a principal river 
still eontiniu's to ilow' ; and llnw si'c'Ui strongly to cor- 
roborate the supi)osition that tin' vastly laign'r current 
which had long prcwionsly occiipiml those valhys must 
have' s(‘t against those place's in the mannei* de'scriheel. 

Sometimes there' may he* ohsea-ve-el to inte'rvene' Ix*- 
twe'C'ii twe) high areas upem the' hills a geaitly sloping 
(»r slightly eairveel de'pression, whie‘h is suggf'stivn' e)f 
the stre'am having lingeannl there aft^'J* it Imd per- 
maiu'ntly <l!sa])])C‘are'd from those‘ more eh'vatrd |);irts. 

The e'longatc'el shape eef many alluvial and other hills 
is a feniturc' iiielie*ative* of thc'ir having he'eai foriiuMl wlnai 
the wateu’s suri-onnding them e*onsiste'd of a vast IVe-sh 
water stre'am, and were* gradually he-coming re'duce'd in 
de'pth anel ve)lume. It may he* supposed that in those 
})e'riods the* cemelition of sue*h hills was that of islands 
in the mielst of a ve iy gradually suhsiding cin rcnt, anel 
they sec*m to he very e*loM-ly analogems to the^ eliminn- 
tive islands tei he seen in those* ])arts e)f almost e ve ry 
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river wliieli him* not suliject to tlu' scour occasion'd 
by a very ra])id curri'iit, or wliero the sluggishness 
of tln^ stn-ani, coinbiiu‘(l with its shallowness and 
the lev('l clninteti'r of tlu' land through which it 
Hows, ])r('veiits the formation or maintenance of a deep 
(•lianiK'l. 

Winding amongst every systc'in of hills, there can 
;dw;iys be traced a ])nnci])al valby, th(‘ course and 
genei*al charact(‘r of which pr('S('nts indications of tht‘ 
wat(‘rs having on(‘(‘ flowed through it while their 
d('])tb and volunu' was d( cr(‘asing, and wlnai they no 
long('r tilh'd tin' lat(‘ral chamu'ls h'ading into it from 
the biglu'V portions of tlu' hilly range'. 

In sb.ort, tlu' form and contour of every hill atul 
undulation singly, as wedl as the superficial (‘ontig- 
uration of eviay hilly district giaierally, is not only 
])crfcctly consistent with the supj)osition, hut seiaiis 
p-ositively and plaiidy to indicate, that their existing 
cliai’acleristics wvvv occasioiu'd mainly ])y such a vc'iy 
gradual and ])rogr< ssive course ot‘ drainage'. 

In some of the' fore'going ptige'S allusion has heem 
made' to the' indie'atieuis tracc'id)le in mountainous dis- 
tricts, of wate'r having in former time's heeai pent up 
in many of the' re)e'k-hound valle'ys of those distrieas, 
and e>f its having he'en draiiu'd e)lf, appare'iitly in con- 
se'epu'nce' e)f the harric-rs wliiedi had heeai instrumental 
in its accumulation having he'e'ii broken through. 
I'lvidence's ed’ similar accumulations abound in other 
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districts, that is to say in many ])arts ol’ ('V('ry I’ivi'r’s 
course, even down to its lowest ('xtrcanity, wluav it is 
iinniediately connected with tlie occ'an. 

Tn many situations an extensivi* an'a (»n oiu' or 
('acli side of a stream shows, by its ilatness, that it 
was once covt'red hy an t'xpansc' of wattM* whosi' shori's 
W(M*(‘ ioniu'd hy the n(‘i»i,*hl)onrin^- hills, wlnh' tiu' 
channel of thi^ existin-;- stream indh-atc's l)y its cliaracter 
that it has hc'cn iiKid(‘ hy the action of tlu‘ current, 
since' tlie soil through wliich it has hiM‘n (Oit was 
deposit'd at the bott<nn of tliat (‘X[)anse. 

There sonadinu's occurs near tlu' lowe'r extri'inity of 
a river a large aceannulation of water, wliose* existence' 
is e>f ce)nrse' niaintaiiu'el in e‘e)ns('epie>ne*e' e)f the' site it. 
e.Hje;upie.'s being lower than the' snrre>uneling lanel, anel 
be‘le)\v the level e)f tlu' neighbouring se'a, with whiedi 
it has fi’e'(' e;oniinunie*atie>n by nu'ans e)f a narrow 
channel e)r outlet. 

It nianife'stly results frenn tht' earciniistane'e' of suedi 
a lake en’ estuary laang fre'edy ace*e'ssible' to the' e)e'e*an 
by means ed* the channe'l through wbie*b the' e gre'ss oi‘ 
its wate'rs is ellecteel, that its surface' is niaintaine'el 
exae'tly at a level with that of the' oe'e an itsell*; anel 
it is eeinally clear that its ceniditieai in ivgarel to the' 
de})th, area, anel epiantity e)f wate'r e'e)n,stituiing it, 
must lU'eM'ssarily be' re-gulateel by, and eh'pe'iiel re'la- 
tivi'ly np(»n, the level at wliiedi tlu' sea surface is 
maintained. 
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Tt has been ascertained hy (‘xperinient that the 
fresh water of a river, on discharging* itself into 
s(‘a, do(‘s not readily iningh* with the water of lie' 
latter, which finds its way for some distance nj) tlu' 
channel, hut flows out upon it in a s(‘parate stratum, 
evc‘n som(‘tim(‘s when the salt wati'r undercurrent is 
ruiiiiiiig in. Tliis circumstance is said to arise, in soni(‘ 
measure^ from the h'ss specific gravity of the fresh 
wat(T ; and it secans prohahle, that it is also ])ai‘tly 
owing to the' viiocity and force' attaine'd l)y the out- 
flowing curre'iit in its d('se*('nt from a higher hweh 
whe‘i*el)y the' c'ffort of the' se^a wholly to oce*u])y tin' 
rive'i’ (‘hainK'! near its emhoue*hure is ])ai’t]y ove‘rc(.>me, 
atid tlie' influx of the salt wateT preve'uti'd, e'xc('pting 
in so far as it is capable of forcing its way up anel 
pe'rmaiK'utly occujwing the l)eHl or hottom part of tin' 
chainu'l. 

It is ohvlous that, on any alteration taking place 
in the' h've*! of the e)ce'an in the ne‘ighl)()urhoo(l of any 
coast, tlu'H' must caisue' a e*orres[)()n(ling e*liange in tin* 
h'vel of all such stivams anel hodie's e)f wate'i’ con- 
tiguous to that coast as possess a fre'e communication 
with the' sea. 

And the e‘fl\'e*t upem the drainage of any country, 
on the* coasts e)f whie*h a lowering of the seu h've'l 
oe'curs, must he' similar te> that whieli would he produced 
if the whole' region we're hodily raised above the sea. 
A permaiu'iit rece'ssion e>f the high and low water 
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limits must nisuo ; areas previously suLmerged only 
at the times of vta-y high tides, and especially thosi* 
lying near the emhouehiires and in tlie lower portions 
of riv(T ehamu'ls, would heeome pennaneutly dry land; 
lakes or estuai-ies, situate near the sea and having a 
free communication with it, would ultimately hcconu' 
di’aiiu'd ; tin' water llowing Ihrongh all the valh'ys of 
the country would have to dc'sccaid from a gTcat(‘r 
lu'ight (‘re it n'aclu'd tin' sc'a ; and tin' diih'n'ncc' of 
lev(‘l between tin' s(‘a surface' and all parts of tin' riv('r 
cours('s being thus increasi'd, and tin' harrii'i* NN'hicli 
the S(‘a its(‘If had [)rt‘viousIy j)r(‘S('nted at tin' river 
entrances being pai'tially ri'inovc'd by tin' Icnvi'ring of 
the sea le\'(‘l, tin' facilitic's for tin* outflow of tin' fresh 
wat(‘r would la'conn* inci‘(*as(‘d ; and tin' diainagc* of 
the country being tln'rc'hy more rapidly (‘lf(‘ct(‘d, (In' 
volumes of wat(‘r constituting the various ri\'('rs would 
In'conu' n'duced. 

Tnlaiul laki's would in courses of time hecoiiM' 
draiiK'd, and chaniuds would hi' fornn'd in their beds 
by tin* riv('i*s contimiing to flow through the sites oner 
o(*cuj)ied by such lak(‘s. 

Tin* ra])idity of the str(*anis hi'ing inci’(*ased, a, 
greater abrading ('fh'ct would he exercised by IIk iii 
u])on all ])arts of tln'ir chanin*ls^ which would thus 
heconn* (h't'peiu'd, while the haidvs at their si<les would 
he iiK'reased in p(‘rpendicular In'ight. 

If the hyt)othe>is contendc<l for in this treatise he 
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(•()ri‘0(‘t, it follows tluit Ji very i^radiuil and prop^rossivt' 
(!lian;;*(‘ is always takin;^ jdaoe in tlio luvol of tlio sea, 
r(‘lativ(‘ly with tln^ dry land, altliou‘>;li tlie conditicni 
of tin' oc(‘an rcanains imalterc'd in n^j^ard both to tin' 
([uantity of wat('r oonstitutiiia; it, and the sjdierieal 
sha])(^ it assiunos. It furtln'r follows that, allhon.t;!! 
linin' has not oeeiirn'd since onr j;lohe tinally attained 
its ])i(‘S('nt shap(‘ any ^enei-al ('xpansion or otln'r al- 
li'i'ation of its hard “crust,’’ in cons('qin'nc(‘ of voh^anict 
or otlu'r int('rnal a^<‘ncy, yi't th(‘ islands and continents 
of the world hav(‘ slowly enier^t'd ahovi' tin' s(‘a sur- 
face*, in such a manner as to produce* upem th(*ni ex- 
ae-tly the* same' (‘ffe'cds that we)ulel Inive resnlte.'el if 
e'ithe'r an actual suhsieh'uce e)f the* oce'an Innl oeM'urre'el, 
or the* elry lanel hael ])ee‘n elevati'd by the* a])])licatie)n 
of e‘noi ine)Us suhtt'rrane'aii forct'S. 

It is obvious, that tin* lowi'i’ina; of the* se'a h'vel in 
the* vieanity e>i‘ any ce>ast must, of nee*essity, affe'ct the 
inlanel elrainaa;e‘, anel lowt'r the h'Ve'l inlanel lake s 
anel otln'r accuniulatie)ns of watei’, e)i’ c'ause them te) 
be alt(».L;’('tlu'r elrained off. The ^raelual elisappearance 
of bu’a'i' e'ollections of fresh wate'r from nunn'rous 
valleys and basins, must certainly have* e)ccurn‘el, if 
the' s('a has rc'ceeled by slow di'^re'c'S, or howsoever, 
from prc'se'iit coast liiu's, as inlanel sea clitfs anel other 
tokens show that it has de)ne in many ])laces. The 
river channels must also have* been subjecte'd to all 
the altering operalie)ns which a pre>gressively changing 



OF TIIK DUV FAM). 


condition of dniinagc (‘oiild cllVct. And it is just 
such gTadiial and ri'i^ulavly progrcs>ivi‘ chanj;«' that 
tlic wliolo contour of the dry laud presents actual and 
jdiysical evidence. 

Thus doc's a cousidt ratiou oi‘ tlu^ h'alurc's ])y w liich 
th(' dry land is marked, sinan to It'ad to a r('sull cor- 
roliorative of tin' tlu'ory Avliich forms tliesuhj(‘ct matter 
of tlie pres(‘nt tivatiso, nanudy, tliat there has occurii'd 
just su(*h a chan^(‘ i7i tlu' h'Vtd of tlu' land and of the 
sc‘a, each relativtdy with tlu' otlier, as that whicli musi 
liav(^ l)(‘i'n ])roduc<‘d in consiMjiiencc* ol‘ tliosi' very astro- 
nomical laws which intluenc(‘ the o(‘ean, and n'jj.ulate 
the various motions of th(‘ j»loh(‘ itselt’. 
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'i iiK (iitwrri; uocks. 

'I'lic Cause of tlicir irn‘j.^ulai' stnirlun* aiul couli^ui-alioii — 

“ivMK'ous" friiui flie clianu-trr (»1‘ llio materials 

llicm, n.iKl also Irnm tli(> splierical foini ol' flu* 
(.•arlli — tln'ir irit'Lfnlarity was iinpartril 1o tlicun bot’uro tliey 
l»»‘raiin‘ iMiluratetl--- (ln‘ lioiiioyoifity nl’ llie granite rocks, aiul 
llu'ir ])o>,itiOn in the carlli's crust — Ike r» iVi^cratiou of tlic 
},flolK^ coimiuuu'cd at llio suiTact' — tiu- cartli’s cni^t was }>ro- 
kalily I'aiscd into iindiilalory, Idliy, and oiMiintaiiiniis ]»rojoc- 
li'iiis, in c<t)is<'(jiu‘iicc of tlie rclVi^^-ratDiy iiitliKMiccs to 44liicli 
it was c\]»oscd — volcanoes --it is proltaldiJ tlmt tin* ])rocess of 
relVieeialiou ilid not pn>ce»'tl <'(|ual»ly in all latiluik's — ^ct tlic 
1 ). volcanic, and :n|ueons juaiods nun lune Ix'en in some 
d<‘';v«'(‘ c<mtcin]>o!'an«‘ous. 


An III tempt lins Ihumi iiuidt' in previuiis st'ction.'s to 
(lescrilu' tlu' cinMimstam'es wliicli stauu to indicate not 
oidy tlnit tin' miuoous rni’ks \v(‘r(‘ di'po.sittMl .sul»st‘- 
^iientlyto tlu' time when tlie .subjacent lormations ]iad 
tinally assumed an irret;ai]ar superficial outliiu', tind 
liad attaint'd jt .solidifit'd state, but tdso tlnit the sujit'r- 
ticial iiu'qiialitit'S of the globt' have not bec'ii occji- 
^ioiit'd by any violent action of tbt' sulilt'iTant'an 
volcanic ibrt'es, since the materials of which the ‘‘ ii^’iit'- 
ons ” portion of its ta-usl is composed, pas.scd int<> 
tbt'ir presi'iit state of hardness jind rigitlity. 
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Tli(* (‘aiiscs to Avliicli tli(' a(|iu'ous or s(‘(liin(Mi(arv 
(l(‘posits are ])rol)al)ly attributable' liavo alre'ady been 
flisciissod. Tt uou' reaiiaiiis, tlK'ndln’e', to in([uii’(' iiitej 
tlu' inodo wb{']‘('by tlu' ii>’n(‘<»us Ibrnialious attaiiu'el tli<‘ 
('oiiditio]! ill wliicli tb<*y ar(‘ now Ibiiiid. 

Tlio Tiiate'rials (‘oiistitutiiii*- tlu' w bob'or dial small 
outiT portion of our oartli, with wbiidi only it is 
possible' to b('coni(‘ practically acepiainti'd, bave* bi'on 
eliviib'd by oiu' of tlu' bii;bcst autboritii's on tlu' sub- 
ji'ct, into four principal scedions of rocks, namely, — the 
“ aeiiK'ons,” tin' volcanii*,” tlu' “ jilnloiiie*,” and tin- 
“ nu'taniorpliic.” That vc'ry coin c'nieiit classilical ion 
is follow(‘(l on tb(‘ ]>resent occMsioii. 

Tli(‘ rocks iiiiduded in t'acb oi‘ diose divisions, I'x- 
cepting tb(' aejiKMms, appe'ar to ]»e ^'('ma’ally regarded 
as prop(*rly b(.‘lon,a‘in^* to tlu' “ if'iieous ” class. f]ven 
tboii^b tb('i‘(' cannot lie inucb doubt n^spi'ctiii^’ tin- 
a([U('ous ori^i’in ot most of those' oi’ the.' “ niedanioi jdiic ” 
se'ction, yed the' e*onelitiem e>f the* reie-ks coni]H’ise‘d in it 
*<0 ch'arly atti'sts the' aedie)n e»f a ;^re*at eb ^^reM' of In at, 
as to jiistity, in semie measure' at le*ast, that mode- of 
dealing ^vith tbe-m. 

As the' mate rials includeMl in both the' vole*anie‘ and 
me'tame)rphie' eliviMons are' foiinel to lie only ])ai tiall3 
elistrihuleel ove'r the* globe', they se-i'm to «d’ suboi’- 
elinate im])ortane‘e* as cennpai’e'el with iIh* pliitoiiie; or 
granite' se'edion, e»f whie-h the' e'litire- nethe'i inost portiem 
of the e'arth’f? crust cejiisists. The' e-iirumstance*.'^ unele r 
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wln(‘li tli(‘ Ijjttrr ;iii;n*nr(l tlirir pmspnt stnte will, tlicir- 
forc', ])(‘ first (‘oiisidm'd. 

'rii(‘ ])lut()iii(* rocks, then, are dcscrihcd as con- 
sistiiii^^ of* ij:riniit(‘ of different sorts, Tluy an' sup- 
])os(‘d to hiiv(' Imm'D forni(‘d at considerahh' (h'ptlis in 
tin' <'aitli, and to hav(‘ c()o](‘(l and crvstalliz('d slowly 
under <j;r(‘at ])r(‘ssnn‘, having been situate where' the 
contaiiU‘<l ^asos could not (‘Xj)and. Ininn^nse moun- 
tain ranacs are found to he* wholly coni])os('d of this 
mat(‘riah utid it cou.stitut(s the eiitin' uuderinost por- 
tion of tlu' ('artlds crust, as already stated. At its 
sui’facc', in many [jlacc's, otlu'r kinds of rock sc't'in to 
liav(* (*oni(‘ in contact with if, at time's when tlnw and 
it w('r(' in a inolteii or hi,itldy heate'd state'. In such 
j)lae*.e‘s, the-re-forc', it e'xists in a variety e)l‘ conditions. 

That the' was in a fuse'el or molte'ii state' 

durinj,^ an early pe'riod ed’ its existeaice', is to he' in- 
fe'rre'd from the' e‘ircunistaiie*(' that the' whole' ed’ its 
“ e'rust ” (»r e'xte'rior j)ei*lion, e'Xe*e'[)tin!j^ the^ “ se'elinu'n- 
tary ” toriuatinir;, is cdiuposed of* “ iL^'iii'ous ” rocks 
of eiifh'i'cnt kinds, tlu' iiiateTials formini; whiedi ineli- 
cate' l)y tlu'ir character’, anel ]>y the manne'r in whie'h 
tlu'V are' ci'UK'Ute'd teu'(*lhe‘i’, that the'V graelually suh- 
sieh'el from sue'h a state into their present indurated 
e’emelition. 

The s])he'rical form <»f the e^aVtli also seems te) 
w'arrant this e'one'hisioii, for it can haixlly he ima^niied 
utlu'rwiM' than that our plani't had its shape imparted 
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it, in n p:rent at li'ast, l>y nu'ans of its rota- 
tion on its axis, wIk'U tho niatiM-ials ot‘ it was 

composi'd W('n' in a plialdi* or t‘lasti(* condition such as 
a ^rcat amount ot lu'at would product', hut yi'l wt'rt' 
so far advanced towards a state of solidity and con- 
i^t'lalion, as to ])oss('ss tlio dci^rct' of tiuiacity and co- 
in's! vi'iit'ss T’t'tpiisiti' to prt'vi'nf tln'in IVoni ('.\j)ainliu^’ 
iiitt) grt'att'r ('([uatorial dinu'iisioiis than (host' ulti- 
niatt'ly dt'siM^nt'd for tlu'iu. 

It appeal's to he vt'iy j^t'iu'rally thou^i^dit (hat sinrr 
till' ^p'uuites and otlier i!j^iU'ous nn'ks lit't'amt' solidilit'd, 
th(' whoh' “crust of the jjjIoIk', includiiiii; thost' rocks 
as wt'll as tilt' st'dlnn'Utary formations, has ht t n aett'd 
u[)on hy suliterraiieau volcanic fort'es, in such a luaiuiei’ 
as to produce tlu' ii‘r(\i;-ular conti^ituration hy which it is 
now marketl. I (', howt'ver, the matei’ials ot wliich tlu' 
“crust” is ]n'inci])ally foi'UU'd, have passed IVoiii a lust'tl 
or molten state throui;h a ])rocess ol' ji^radual coii^^t'la- 
tion onwards to tht' condition of hai'dness and ri;^idity 
in wliicli they now t'xist, tlita’t' stM-ins to ht; ahuiidaiit 
rt'asou for helieNintj^ that it Avas pia’or and not suh- 
seqiK'iit to the tinn* when they had attainod their 
indui-ated state, that they w« re thus arted upon hy 
those fon'cs ; and that it is to tlu* process of reiri- 
^('ralion alone that tin- structural as well as supiadicial 
ineipialities oi‘ the i.a'neous portion of ouj’ ^■loh(‘’s 
“ crust ” an' ]aimarily attrihutahle. 

It seems probable, suppo.sin;^; the' fj^lobii to liavi; 
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ill a iiioltoii state duviiip^ an ('arly stage.' of its 
liistfiiy, that tlio materials which formed its extc'rior 
])ortion in that period wear so comph'tc'ly fused and 
miiigh'd together as to he of a honiogeiu'oiis eliaraetfT. 
It would th(‘ri'for(? appear nnisonahle to expect, as a 
re'sult of geological invi'stigatioii, that some* one par- 
ticular description of rock should hc‘ found to })revaul 
in all ])arts of tin* world. And oiu' ])ri,‘doniinating 
class is, in fact, everywln'ri' discovi’riMl Ixauaith the 
other partially distrihuted formations; nanu'ly, the 
granite's under consid<‘ration, which are' invariahly 
found to underlie" ('Vi'iy othe'r kind eif reeck, and to 
eu'ciipy th(' le)wa‘rme)st peu’tion of the' I'aVth’s “crust” 
e've'i* ye't re'uched. 

Although it ujepe'urs that tlu're' are' inelie*atie)ns, on a 
liinite'el scale, of semu' otlu'rs of the' igne'e)us reecks having 
he'e'ii in a fused ceaielitieui at a time' wlu'ii the granite' 
itse'lf was in that state', anel although the' latter is 
.sonie'tinies found te) preetruele through the' otlu'r torina- 
tioii'-;, ye't, as it is in fae*t the* mate-rial e>f whie*h the' 
e'litire' nethe'rnieest part eef the' gleihe's “crust” is 
fernu'd, the' te'rin “primitive,” see far as it use'el te) 
he' at)])lie'el te) that ])artie*ular seert e)f reie'k, se'e.*ins te) he' 
e[uite‘ appropriate as de‘ne)ting the' place' it eeceaipie's in 
the' earth’s e'hreme)le)gy. 

If the physie'al laws hy whie'li matte'r is ne)w re'gu- 
late'el were in e)t)eratie)n when the' glohe' was in the' 
highly heated cemelition described, the' prejoos.s of re- 
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frii^criition to it was sul)j('i*tc(l must h\\\o (*<an- 

iU(MiC('(l at tlio surface and liavc pronu'dt'd inwards l)v 
vi'ry slow d('i;Tccs. "riic advamv of tlu' alolx'^s “crust ” 
towards a state of solidity would t(‘iid to ])r(‘V(Mit tlu' 
escape of tli(‘ g'ases which p('rim\it(‘d tin' lowi'r and 
inner portions of it, and wliicli would have continiu'd 
to h(‘ thi’own otf from every ])art of the' sin-facc, had 
not the (M)n^('alin,2: process lu'^-un. Hut, in i*ons('(pi('nt‘(' 
of their (\sca])(‘ h(‘in”’ thus imjx'ded, th(‘r(‘ would lu' a 
t(‘n(h‘ncy for tlieiii to accumulate' in niiiiK'i’ous place's 
at various d(‘j)ths bc'iieath the surface'; anel whe'ie've'r 
tluj mate'rials wt're' in thi' nmst fnse'el and yie-lelini;- 
ejondition, thither we)uld tlu' Rise's fe)re*(' the'ir way in 
incre'asinj;’ epiantity, anel, pe'rhaps, form e'hamhe'is e)r 
e*avitie's hy e'e)mpi‘t'ssino- the surroimeliiifi; niatle'i* into a. 
state of j^reat('r (xanpactness e)r cheseiiess e)f texture' 
than that in which it was previously. In c(»nse'epie ne*e' 
e)f their heini^' suhje'cte'el to a very ]ii;;h eh'^re e' of te'in- 
pc'i'ature', the)S(‘ ^ase's ea* vaj)ours ^^'e)uld e*xj)anel with 
such irre'sistihle force' as to ove‘i-<‘ome the- \\i'ia;lit anel 
t('nae‘ity of the' sn[)e‘rincund)e'nt mass e)f still |)artially 
diK'tih' material, and te) upraise* it in such a manne r as 
to proeluce' proje'e'tioiis e)f various he‘li;hts and diineai- 
sioiis u})!)!! the' j:,dohe', and ultimately to hui-st foj'th in 
liame-s ^\he‘re‘ve‘r the- e'arth’s surface' haj>p< ne(I to l>e; 
in the h ast hai’deiie'el state', anel h'ast e,‘a[)ahh' of re'- 
strainin^^ the vast e-once'iitrate.'d peewe-r whie*h the* e'X- 
pansion of those* suhteTraiieaii gases e'xei-cise-el upon it. 


K 
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T}k‘ parts of tlic earth's mist " whieli woiikl Ik- 
projected to tlie ^n'Utest height hy tlu* sul)terraiH'aii 
forces tlms applird, would h(‘ those* which liad made* 
tli(‘ le ast ad\ aii(‘e‘ towards solidilication ; and wliich, in 
conse'epieneM* of their heang in the.> most ])lial)le and 
(‘lastit; e*ondition, were*, as niasse‘s, least ca[)al)h* of 
otfi'ring i'e si>t;nic(‘. It se'ems likely, thert‘fore', tlnit 
afte-r any district upon the* glohe had hiM'ii thrown into 
a state of N'ery irregular configui*ation, the* [)e.*aks of 
its liighest hills anel meuintains, being the parts where* 
the* suhte-rrane an forers hael e)pe*rateel with the greate'st 
effect, weuilel he'ceaue* tlu^ vcaits freem which the vol- 
canic fire's would ultiniat(‘ly make tlu*ir (‘S(*aiH\ and 
out e»f wliie'li gre*at epiantitie*s eef molte'ii inatte'r we)uld 
!)(* eji'cteel ujeon the* neighhejuring surface* e)f the yet in- 
te'Use'ly lie*ated anel uuinelurati*el material whle:h forme'<l 
the* crust of the* globe;. 

^'e)t only, howi'ver, wanild the* eliie'tile* material e)f 
tluM'artb’s i*rust bi* upraise'el into a state* ejf irre'gularity 
by tile* ae'ciimulatieai anel ex[)ansion e)i‘ the* subte*!- 
raiu'an gases, but a contrary (*ffe'e*t would be ])roeluceel 
as soon as me'ans bad be*(.*ome e\stabli>be'd for tbe*ir fre'e* 
(^mission in an ignit(*el feu’iii; their pai’tial e*xliaustie»n 
in that maniu*r weiulel cause the* supei-inciimbeiit masse*s 
e)f yie*leling matte*r to sink and cedlapse, and the* cavities 
and ele[»re ssions <if elilfere'iit elinu'iisions and forms thus 
oecasioiu'd, woiilel add e*onsielerably to the* irregularity 
of cemtiguratioii which had bee *11 alreaely proeluced. 
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The great diiTmauv wliich (‘xists nt the ])r('st'nt 
clay Ix'twcT'u the (‘liniati's of cliifcrcait Lititiulc's, war- 
rants tlu' ('on(*lusion, that an (Htuahility of tc'inp('ratur(‘ 
(lid not prevail during the period in wliich the* globe* 
was prooec'ding towards a state* of solidiHeation. It 
is prohahle* tliat, although all parts of its (uaist pro- 
gressed eot('iuporau(‘ously towards that state*, ye'l tlie* 
proex'ss did not go on with absolute* uniformity. It 
may have* ]ia[>pcne'd, for instane.*e\ that, while* in some* 
regions e)r loealitie's the primitive e»r granite* mate'i’ials 
were* ye't fiisc'd and molte'ii, tlu* le)we‘ring of them* toiu- 
j)erature in e)the'r.N had m) far advanevel as to be* pro- 
eliiedive* of nume rous vole'anie; ei’uptieais, as we*ll as e)f 
the hilly and niuuutaiue)us [)roliibe*ran(*e's and the* sub- 
sc*([ii(*ntly formod eb'pre'ssiems aiiel eavitie's alre'ady al 
lud(*d te). 

The* vole*ani(* ])e‘rioel may ha\'e* e*emime‘ne*e-el long e re* 
the fus(*d or molten pe*riod lead (*le)se*el, just in the* same 
nianiU'r as tin* a<pn‘ous va])ours surrouneling tin* globe* 
may have* be gun to be* de*])osite*el in a eonde nse'el form, 
e*V(*n while innumorable* ve)le*ane)(*s we*]’e* in ae*tive* eejee*- 
ration. 

eSiK'h, as it may be conje*edure‘el, are* seeme* of the* ope*- 
rations that (‘nsu(*d, if e)ui’ globe* during an e*arly pe rieed 
e)f its exivle'ueM* wa^ in a me»Ite*n e>r inte'iise'ly lioate'el 
state, and if it sid»*-e*ejuently passed thn>ugh a prex*e>>s 
of refrige**ration — ope*ratiojis tliat must have i'e*sulTe*el 
ill just such a condition of the nethermost part oi' the 
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cru^t as lliat in wliicli t]i(‘ pviinitivo or 
rocks ar(‘ actually found to exist. Tlio lioinoi:2:cn« ity 
of those rocks, their universal presence' helow ('very 
other fnrination, and tin* irn'^nlarity of their structural 
and superficial coniio'uratiim, a])pear to hi' thi' natural 
eff(‘cts of operations such as thosi' descri])ed ; and to 
th(‘iu also do till! innuinerahh^ (*xtinct v<»lcanoes, (jf 
which traces abound in all ])arts of the world, set'in to 
i)e uninistakuhly uttrihutahhx 
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Diiriii” tlu.‘ volcaiiif. era f]iaii;_r«'s a»nl t ransumtatious ma_\ 

lia\e eccun’i <l ill the eondifi'm of the iiialeiials foriiiii);r tli*» 
lai'th’s eriist — till' ( ji'.'tioii •.(' niulf.-n matter ii|n>n the 

— the eliarai'tt'r of the inaf« rials forrtiiior lht‘ V(»Ifa?iit’ rocks 
coiijeetiires as to the laeiit^ coinlnciii-.r to inanv met anioijthovi , 
and coiiiplical ions in the coiolilion and arran'’enir*i I oi’ tl . 
various rocks. 

Tiik rocks coiiiprt'lKUKlt'd in tlio volc;ini(‘ (li\ision 
tin' dcscvilicd as of many dilferent kinds, ;md as 

existing under very varN'intj: circtun^tances. 1'lioy arc 
said to kc partial in llicir distriluition, ;ind to liavr 
kc(‘n formed [iriiieiptilly, if not. aIto;^^ot]ier, of maltn 
ijocli'd in a molten state from llie intcrioi- oi‘ tlir 
L^lolie, tliroii;^’li tliost' volcanic vtaits and onliccs the 
rt iiiains of which exist in all j)ar(s oi‘ the world. 

It is prohahle that between the time when vol- 
canic eruptmns lieo-an to take place, in coiiseipn'iiee ol 
a oi'iidual diminution ol‘ the »*ailh’s tempia-at nre, and 
tin* era when the internal fires ha<l nnide <'onsid( j‘a- 
hit' pro;.;ress towards exhaii''tion, an ciioi-moii.s ]>ei'lod 
intervened, <lurin;^ wliicli ;^reat chanLn*< and tiaiis- 
foniiations oceurixd at different depth.s Ix iH'atli that 
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<)ut<*r portion of tin* ^loLc wliicli thou constituted iN 
lisirdcnin^ crust, us well us throu,i;hout tlu^ (*rust itself 
u| Avurds to its surfucc — cliun^cs uthI ti'unsfonnations 
tlijjt must huve resulted in a most (‘onfust'd int(‘r- 
mixtur(‘ and urrung(*ment of th(‘ many didermit kinds 
of material tliut existed ut tlu^ surfac(', or were ejected 
u])on it hy t]i(‘ eruption of tlu' volcanic forct's. 

In ])laces wlu're sej)arute streams or masses of 
ej«'et('d molte'ii mutter liaj>])(‘n('d to se'tth* in tin* same 
vicinity upon tlu^ then yie'Idiiif^^ hut suh.se(pi('ntly 
hardi'ueil, mat<a*ial of whicli tlu' i*’rauite or [)rimitive 
rocks ar(‘ c(>niposed, tin* weiji^ht and pi’e>*<ur(* of that 
niollen mattiT may have occasion(‘(l ])oitions of the 
undea’ls inii; ductile matei'ial to ]-is(* into and till u[) tlie, 
in(('rniediat(‘ space, and even [)arti-ally to overspn'ad 
poi’tions of th(‘ streams or masses tluansrlve's. Tin* 

• •ij’eimiNtiincM's by which such molten mattt*r would l^e 
liahl(* Xi) h(' ulfected, wluai ejected upon tin* surface of 
tin* a:lol)(‘, Wi'n* probably veiy ditferent from those 
und(‘r which the material previously forming the 
i^lo]>(’’s out(‘r ])ortion became solidifie'd. Fornu'd pos- 
sibly of ditferent tdeanentary materials, and consisting 
of com[)arativ(dy insignificant mass<‘s, and being 
'^t'l^arated from tlu* intensely heated iiitei’ior hy the 
earth’s thick crust, which hud perha}>s become ])arti- 
ally hardtaied, its tempi*rature W(»uld Ijecome more 
(]uickly reduced tlian was that of the granite* (. lements, 
and a much shorter period would there fore suffice for 
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it to settle? into iiii imluratod state'. It is, tliore'iore', 
not umvasonal)le* to suppeise* that tlu' cliaracte'r of that 
e'jex'toel iiiatorial, whon it ultimately attaimul siieh a 
eoiielitiejii, \ve)uld he? very ditiereut (Vom that which 
distiiig'uishe\s tlie granite foriuatiems. 

Ill se>me? place's the mate'ihils <d‘ the' e'arth’s crust, 
which hael he'en partially soliditie'd, may liave' he'e'.omo 
a second time nu'lte'd through e'xjiosm’e' to an in- 
tense def^re'i' of ht'at newly applie'd, or the' e'oni^e^alin^ 
and re-heating proce'ss may have he'en of freMpnait 
re'e'urrence', or those' maii'rials may liave' he'eiome? trans- 
formeel hy the' action e>f dilfe're'iit kliuls e»f gase's auel 
vapours ere the'y were thrown out u])on tlu? I'artlds 
surface', or their character may have' unelergoiu'. a 
partial eer ceanjde'te e?he'mical change' afte'r tlu'y we're* 
i'jecte'el, miel while in a medte'U state anel exjeose'd tee 
iiiflue'ue?e'S external to the ('arth itse'lf. 

Althenigh, howe'Ver, iiinumerahle iiietamoi'phe)ses 
may have occurred in dittei’e'nt place's afte'r the' solidi- 
f^ing proci'ss had se-t in all over tlu' e'artli, through a 
general reeluction of tempe'rature*, ye*t it is [iiohahle 
they were ceintine'd tei limited ari'as, anel we're more? 
or less of a l<jcal character. The activity e»f many 
volcanoes was prohahly intermittent. 3lany of them 
may have freeiuently hurst forth after lying ehn’inant 
for leiigtlu'ned periods, ami the earth’s Mirfaea? in 
their neighhe>urhe>od, may have undergone? e;onsiderable 
alterations in the intervals. It may liave become 
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coiiil)l(‘tcly jnid its c<)]itnictioii l>y cooliiii; 

Tiiuy ]i;iv(‘ causf'd in it innuiiK'riiljli' n'lits and fisMircs, 
(>r or l(*ss cxli'iif, wliicli may aftca-wards liavc 

liccomc filled with otlu'r materials foreign to the 
original rock. The intervcaiin^- s|>ae(‘ of time may 
liave Ix'en of sidHei<‘nt h'np;lh .to allow tlu' a(|ueoiis 
vapours, and otlu'r inilueiuMs external to the‘ ;;-loh(‘, 
to o])ei'at(‘ ii])on it. T]ios<‘ vapours may Inive b('com(‘ 
eond(‘n-^ed, ami th(‘ streaims of wat(‘r th(*rehy oeea- 
.''ioned may have conveyed vast ([uaTititi('> of dis- 
int(';j^rat«'d matter fi'oiii n'^^’ions of threat altitude to 
tlu‘ m'iL»hlH airing valh*ys and plains. Scaliimaitaiy 
il(‘posits of that kind, ujion wliich molttai matter 
(‘j('et(Ml t]ii'oui«h naiewi'd volcanii* vents may liave 
tloweil down or heiai cast, tlius comini; in contact 
with int(‘nNely ht‘at<'<l materials, w'ould l»e lial»le to 
all such jiartial t»r (‘ompl<‘t(‘ transmutations as the* 
lu'at was capable ol‘ effi'ctlni;, .\n<l, althoiinli it i> 
likt'ly that \u> “ ujilieavals of any areat lextent took 
place aftt'r the uranite crust of tlie « arth had attained 
a thoi-ouahly indurated state, y(‘t they may have 
occuric’d in some lo(*alities on a limited scale, and 
havi' effected, hy their imvlianical force', con>ideral»l(' 
dislocation and di^turhance of tlu* Miperimaimhent 
massc's, such as thi* many viohait (\ulh(piake‘s of 
historical times liave proliahly occasimied in tin' 
nei^hhourhoods of tlu'ir occurrence'. 
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Till-; Miri'VJioKi’mc kocks. 

(’•'iijrrtui rs U'l to till ir oii'_rni. iitnl as 1«» llwir traiisiiuilut ioii w liilf 
ivtaiiiini' stinu* nf fta ir rliaracti'risi lln ij’ 

fouiiil ill almost any [»Msifi.»n dnos in»t sft'in ilillit ulf t<* at* 
I'nllllt tor. 

I']' i<; to ])(* iiilrirt'd, tltcii, tliat tli(‘ (‘oiidition in 

wliicli tli(‘ rocks arc idinid was prodiKaal in 

coii.st‘(|U('nc(’ ol* till' gl«)l>c\s crust lta\in_L:; Itccn in a 
inollcii stjitc, and l»av«in,i;' liccomc solitliiit'd and hard- 
ened ]>\’ re<'iMin of a very slowlv proirressivt' ditnlnulion 
oF its tcinj)('i‘aiiire, Jin<l of the ^'r.adu.al <‘xhan>lioji ol’ the 
internal tires l>y means of iiinuiiierahh' volcanic. vi'Uts 
wliicli caini’ into play as soon jis tin* hardening jn’oci--- 
had lairly ht i;un. 

Tt ;t])j)e:trs al>o that, coiinci'tcd witli tin* various 
kinds of i*«)ck comprised within tin* description of 
“ volcanii'/’ wliicli t'orni hut a small ]iropoi'tion of the 
whoh* ci'ust of the (*arth, and arc r)nly jiartiaily oi- 
locally distrihuled oV(*r it, there are numeious indi- 
cations of tho-o formations Inivim;* come to occupy 
their jire'st'nt Mti s when they i<i() wert* in a molten 
''tale, and of their having- heeii dt‘j)o>ited in the various 
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loculitif s ill wliicli they are now found, not only at 
diflrmit times in tlu' course of that lengtluaied period 
durini^ whicli tin' volcanic (Tuptions were in full 
activity, hut also under very varying circumstance's, as 
rogards the nature' and coinlition of the rocks upon 
whicli tlieir deposition took [ilace*. 

A fow worels remain to lie said concerning the 
nu'tainorjihic division of rocks, wliich are stall'd hy 
gi'ologists to possess SOUK' of tin* charact(‘ristics (Com- 
mon to till' otlier two elass(‘s, and yet to liavi' distinc- 
li\(' leatures (*f tlii'ir own, which pre clude' tlu' supposi- 
tion tliat tlu'y and the' other igiu'oiis formations were 
all produi'i'd cotem]>orane'ously, and unde'r the' sanu' 
circunistaiK'e's. 

Wliih', for instance', th(' crystalline' te'xture of the 
nietaniorphie' roe*ks plainly indicati's that they have 
hi'e-ii suhje'e’teMl to an iiite'Use' de'gre'e* e)f he'at, their 
stratifie'd and ofte-n laniinate'<l e'oiielition re'iieh'rs it as 
clear that, he'fore' tlu'ir transformation was thus e'iiee-te el, 
they had hi'i'ii de'p(»siteel in their prese'iit site-s hy 
iiii ans of wati'r ; anel, in fact, that the\ are' attributahh' 
to a se'dime'iitary origin. 

It is now to he sen'll wlu'ther it is not very probable 
that the' various circumstances in which the “ meta- 
moi’phic rocks are* founel to e'xist liave not re'sulte'd 
from operations that have eiisueel in conse'(|ueuce of 
the globe' having he'e*n in the state of fusion which has 
been described. 
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It has alrt'ady beoii surest o<l tliat llu^ solidifvini; 
of tli(’ glo])(‘’s ()ut(‘r portion, throiii;li a slow rrdiu'tioii 
of tc'inporaf lire', must liavr ri'straiiird tlio i'\pausiv(* 
i;as(‘s wliii'li [K'niioatinl tho molton maltta*, and pn‘- 
v(‘nti‘d thorn from makinu^ tlu'ir oscapo at all points of 
tho sui-far(‘ as thry laid done prior to tho <‘omnn‘nc(‘- 
mont of th{' (‘onu^f'alin,!; process, and that tlit‘ accunmlat- 
in. 13 ^ gas('s must, hy tlndr (^xpansiv<‘ power, liavc raisi'd 
thi‘ sup(Tincumh(‘nt mass(‘s of yielding material into a 
c)!idition «if ^li^at irrefrularity, hoth structurally and 
supt'rticially, and ultimately liave hurst through llu' 
surface' when've r tin* ovi'ilyin^ matti'r was in the' le ast 
coh(‘i\'nl .state*, and h'ast capable el* re'si.slinjj; the'i)* pow e'r. 
It may also he.* supposeel that, in Ie)e‘alilie‘s wlu're* the* 
suhte'rrane'aji ]»r('ssure was thus reaneeve'e!, a ])artial 
siidvin^ eef tlie^ crust preihalily ensue'el, whe'reley a still 
j^re*ate‘r de'^i’ee e»f supe'rticial iri’e'gidai ity w as oc<*asione'ei. 

It see'uis re'a.seiiiahh* te) ])elie've‘ that in tho.si' re'me)te' 
time's, jis in the pre'seait, a cemsielerahle* elitirre-ne'e' ejf 
teinpe'ratuie* existed in tin' diffei’e-nt latitude's, anel, 
tlu're'fore*, that the* e*e)n^e'alinii^ pre)cess diei not pi’oe e'e'el 
eepiahly ove^r .all pai’ts e>f the* »;Iohe'’s Mirfae-e*. Whiles 
some regions wa-re .a])proaeliin^ a state* of rij^ielity, 
e)t}ie‘rs may have* rcanaine-d in nnlte n, e>r partially 
molte*n e'onditlon. It is like'ly, there fore, tliat the* 
burstiii^ij^ forth of the volcaiiie! fires diel met e;c<‘ur cej- 
tt*mpe»rane‘oudy e)ver .all tin* ^lohe*, anel that a ve;ry 
hmg pe-riexl elapsed Ixlore that whieli may be* terme.*d 
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tlie “volcjuiic ])(*rio(l ” liml fairly set in. In some* 
r(‘gions, the voh'anic fins may have attained full 
activity ))efor(‘ they liad (*(>mmenced in otliers. 

It may h(‘ supposed, howt^ver, tliat when numher- 
less voleaiHK'S liad estahlishe(l tluanselves in all i)arts 
of th(‘ gloh(‘, its (*rust hud so far attuiiu'd a normal 
condition ns to hav<‘ Ix'conn* t>crmanently marked and 
divi'rsiiied hy tin' npraisiu;j: and collapsinij: eltects of 
the vol(‘nni(‘ foiM'i's. 

r>ut, altliou^-h innnmerahh' mountain rnn;^(S and 
hilly ]M’oj('etion^, ns \v(*ll ns (‘nvities and dejaissions of 
all depths nnd dimemions, mny have l)een thus cri'ati'd, 
it is lik('ly, ns nln'ndy observed, that a : 4 :n'nt ln('(|uality 
of lempernt ui'e ('xistt'd, even whih' in nil [Kiits the 
^iohe reinnliK'd in nn int('n<('ly lu'ati'd condition. It 
may have heeii n(»t only that llu' diHerenl latitude^ 
nnd reuloiis diHrre<l iVom each o(1u‘i‘ in ti ni[)eratur(‘ 
nnd other cirenni-tanees, hut that a like \arinnre may 
have e\i>t<‘d h( tween tin* conditions ol’dill’^ rent, locali- 
ties of ('\<‘n tin' sanu' reaion'^. 

Tarts <»f the ('arth's cru^t, may, mori'over, have 
het'U suhji'cted to alteiMiat i<»n-. of teinperatui'e in con- 
se'[uence of chauites in tin* condition of the Mihter- 
ranean {ir»'s in the early '>tac:e> of the volcanic era. 
Tein'atli localities whon' tin' earlh’> >urface had at- 
tain<‘d a pai’tially induratt d condition, iIiom- iirt .*' may 
have heroine reiiewaMl, and havi' partially n'-l'u-c'd tin* 
'-uperincumhent rocks, and from Aolcanoc-s, whose 
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activity liad Ixvn stau'd lor a uliilc, they niav liavt' 
Imi’st forth aiU'W. 

During the vast jx'riod in anIu’cIi the wlioh' glolx' 
rciiniinod in a too intiaisidy h('at('(l state to allow of 
the de})(»sition upon it of any luiniid \a|)ours in a <‘on- 
diai.sed ff)]’ni, its surface was piohahly Mihji'cted to 
an intinit(' vari(‘ty of op(‘rations such as would ani])lv 
a{*('onnt for tlu' most intrieati' i'(‘snlts as ri'gards tlu' 
natiu'e of tin' materials lorming th(‘ (‘arth’s crust, as 
wt‘ll as tlu' manner in whicli they (‘omhiuod together, 
and tin" position tlnw canu' U) occupy rolatively with 
("a(di other. And tlu‘ ininxluction of tlu^ watmw (‘h‘- 
ment must liavi' given ris(‘ to a gn^ally ima'east'd 
vari(‘ty of furthei' eomhinations and modilications, 
amongst which may h(' included the lormation of tin' 
“ metamorphic ” I’ocks. 

If th(' glohe gradually pass(‘d, in the manner 
aln'ady pointed out, from a molten to a refrig(‘rat('d 
state, its tompcratiu’o mu>t, duj*ing a vciy long ju rio*!, 
have h('en such as to prevent an\' \apoiirs IVom con- 
densing upon its surface, or from e\'on a<*cumidating 
within a con''iderahle di'^tanc(‘ around it ; ami ;igos 
may hav(' ('la[)''(’d er(' it hecame <-losely ( in eloped in 
the dtTise steamy atmosphere which promoted the 
growth of that luxuriant vegetation whieli forms so 
impoi’tant a feature ol the fossilifcroiis ^tJ'ata. 

The circumstances out of wliich tin? \'arinn^ opera- 
tions of nature arise, a])p(;ar to ho alway.s ada[)le(l, in 
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tlu‘ most }»]>snlutoly maniUT, for tlic exi^oncicv 

of (‘V(‘rv r]in7i_i!:o lliat o(‘eurs. It cannot 1)0 doubtt'd 
that tlu^ pliysicMl (‘loimaits W(‘ro always maintained in 
a slat(‘ of r(‘adin('ss to comhino or soparalo, or ada[)t 
th(‘nis(‘lv(‘s in tln‘ mafin(*r (‘xactly suited to the alteriiii;' 
conditions (d‘o\ir plaint as it advanced in its Successive 
stages of de\'e]opnH‘nt, aial therefore* it may he ce r- 
tainly as, ^nnied that, as soon as the* j^lohe was in siu*h a 
state* of teiiiperature as to allow of. the* f^i’niation of 
vapour in its vie-inity, in<»isture we'ut on aceaimidatini;- 
around it, and that tin* mome*nt any [)art of the*e‘arth’> 
surface had iM'come* sufticu'utly cool to permit those 
va])ours to settle upon it in a conde*nse'el form, water 
thereupon nnnh* it a}»[)e*aran(*e, anel o[)(‘rations tlu'ii 
(‘oninn'nci (t whicli, laanii: e-ontiniUMl throui»h suhs<.'(|uent 
at^es, ha\(' result(Mh in the* most woiideTful geological 
transfonnat ions. 

As the e'ooling •►f the* glohe* was e-lfeeited hy ex- 
te'i'ior iullin'ncev, tin* heat einilt<‘el hy it imi'-t hav(‘ 
l)('(‘oine' dimini>lie<l pro[M»rtionate*ly nith tlu' incre-ase of 
distaiUM* from its surfae'e* ; theredore, the* regions 
which (*arlie'st advanevd to a redVige'rati'd state were 
those* which had heH'ii raise'd to the gre'atest altituele 
hy the* volcanii* force's, and it woulel he* on the*m that 
wati'r tirst made* its appi'arance*, siH)posing the* gl«)he* 
to have hee’u surrounde'd hy vapours which only 
awaitenl the loAVi'ring of its te'inperature to eiiahle* 
tlu'ui to settle upon it in a coiielensed form. 
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It seems likely, tlieii, that water first madi' its 
appearaiKM' in the higher parts of mountain regions, 
as they were probably the parts of the earth socmest 
adapted for its deposition. And tliermipon must have' 
eommenced all the various optTations that eould be 
effected by means of that t4(‘ment, in which may i)»* 
included the wearing away of the surface of rocks 
exposi'd to its a(!tion ; the accumulation of watiu* in 
su[)(M'ficial caviti(‘.s and other placets wherev(‘r tlu'n' 
ha[>pene(l to (‘xist im[)(‘dinients against its llowing 
(lin'ctly to b)\V(‘r l(‘V<‘ls; and its dimnage into regi(»ns 
when' its re-(‘\ a poration rapidly (‘iisiu'tl, in consi'ipuaicc' 
of tin' still inteiisi'ly lu'uti'd condition of tin* globi'\s 
surface' tlu're, and wbitln'r it trans])orted grt'al (piauti- 
ties of alu'aded matter. 

Tin' accretion of sedimentary deposits in localities 
reaiiaining in u pailially fused (MUidition, occasi«)ned by 
a continual iniiow of wab'r from higln'r n'gioiis und(‘r 
such (Micuuistanci's, secans to bi' fully sullicieiit to 
account foi’ the transformation which tin* substiinc(*s 
composing soiin* of those* deposits have manite'stly 
undergone. Tin* intense-ly ln*ate*d state of the sub- 
jace'iit rocks, the high <le*gre*e of temjH'rature.* thi'n'by 
imjjarte'd to the >uperincumbe*nt wab-r wliejvin the; 
stMlimentary matte r was held in suspension, tbe rapid 
evapoiation (d‘ the water itsi*lf, and tin* hot steamy 
vapours attending that proce*ss, iiicluding withal tlui 
intermixture of the esca]nng subterranean gsi^es, were 
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])rol)Hl)ly soRK* aiiioiig tin' iiiuncrous otluM’ ai^cncirs 
NvljcrrlA' t)if‘ iiiotamorjjliie foniiatioiis attaiiud their 
ciystalliiK' <*liaract(‘r. 

Hut it is not alone the transfuriaation of tin- 
materials lormin^ tin' rocks under consi<leratif>n, that 
has to ])e ac<‘oniile(l for upon tin' h\[)ot]u'>is (d* tin' 
fornn*!’ fus(*(l condition of the eai*th's crust. d1n- 
position occu})i('d hy those formations nkitively with 
othi'i's, lias also to ho included in the coii>ideration. 
Ilow caiiK' tliey, for itistauc<\ to occu[a', in situatimis 
far above tin' waU'r lev<'l, ]>laces immediately con- 
tiguous to tin' granitt', and ye t heiu'atli the v(>h*ani(' 
rocks ? 

As c(»nc('rnin,u; tin' transformation of their com- 
ponent materials, so in n*pn‘(l to tin' I'ehitive' p«tsition> 
of tin' rocks theinseha s^ docs it s('('m nmn'ci'ssaiT to 
n'sfirt for an explanatinn to tlu' sn])]u»ition that the 
n'jj^ions w here they exist have hi'cn alt('rnati'ly “ uj)- 
heavt'd ” and deprived since the do|Hwits IxL^an to 
ai'cumulate. On tin' contrary, then' [accent <'ondition 
wouhl altogether necessarily iM'snIt from the evi'iit'^ 
ahovt' alluded to. Tlu' collection of water in dif- 
ferent plaees on tin* earth w'as prohahly rwcurrinu’ 
cvi'ii while uumherh'ss volcainx's were siaidinir foi'th 
their molten \olume>. Hut it is likily that tin- 
})rocess uunh' tlu' most ra})id jiroyri-^s in lec-.ditii*' 
wlu're the earth’s surfaci' had most ad\anced t'»ward> 
an indurated state, and when' the siihterranean hri's 
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wero boooiiiin^ t'xluwisted. Tn such place's the volcanic 
eruptions wcTt' no (loul>t intcrmitti'iit, and the U'ni;tli- 
ciu'd int(_Tvals Ix'hvee'ii tliom \ve)u](l afford abundant 
op])ortunity for the' ae'cn'tiiui of' s(‘dinientary niatti'r on 
a v<Ty ('xtc'iisivi' scale. 

Tt would seem, tlnwelon', tliat the' nietamorphlc and 
\oleanie rocks heini^ tound to occupy altc'rnale' |)osi- 
lions, oiu' ov(‘r the <»t]ier, in tlu* eartli’s crust, is a 
circumstaneH' that lias m'cessarilx iiMilti'il iVoni tlu' 
foniU'V molten or inti'usedy heate'e! state' ed" tlii‘ ^^leike, 
and in (‘ein^e'epienct' of watoi- having hea'ii uraduallv 
{‘oriued upon soTiu' j>ai'ts(»l‘ its suilae'e* while' it was veay 
^loAvly attainin'^ a e'ongealed aiiel indurati'd condition. 
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SI MMAUY OF VAST (JKOl.OOICAf. OVKI! MTONS. 

< f«'siiino of tlio ciiiisos tij wliicl) tht) hi i iict unil ninl ‘'U{t. i 

ficiiil in-p'/iil.-irily of llio, oMith’s crust is — lli - 

t'radujil rrfrij^o'nition of the .irlohc — the process illii.-tratcl ]«> 
the cooliiif' of a iiuish of niolteii mctul. 

Thk ()l)S(.‘rvjitioiis in tip- pn'vious piirS 

ut‘ this tmitis(‘ are foiiiKhal upon tlie hypotlu'sis tliiit 
tlu^ appaiH'iitly coiifustMl tuid irn'i’ular condition of the 
earilds crust has IxMai produc(‘d partly in conse([iienc«’ 
of the ^'lol)(‘ ha\dng Ixmmi in a niolt(*n or inttaisely 
h(xit(‘d state, and then suhji'cted to i>‘i‘Jhlual rtdrii^tTa- 
tion, and partly by reason of tlu‘ various motions <»t‘ 
tin* t'ardi itst'lf, and the niofh' in \\liich tin' waters 
('iivelopin^ it are alf(‘cted by dilfmait intiiuaici's, and 
especially tlmsi' wliicli art' extTcisod by tin' sun and 
moon. 

The subject is divisible into two parts, onc' relating" 
t(» tin' oriti;iu of the “igin'oiis” rocks, coni[)reln'ndina 
tin' granite’s, and tin' “ volcanic ” and “ metamorphic ” 
series, and the other nderrin^ to those vast aj^j^ia'- 
gations of sedimentary materials which are described 
by geologists as the “ aqueous or fossiliferuus for- 
mations. 



SI MMAUV. 


147 


The following is a hriof suiinuarv of the I'iivmii- 
stances wliich have h(H*n alhidod to as hidng suggi'stivi' 
of the niaiiner in which the .struct iiral and su[)ci licial 
irn'giilarity of the ('arth’s (uiter portion or “crust” 
has Ix'cn attaincMh it’ tlu^ very giMKaal hc'licf in its 
having ])assed from a fused to a ri'frigta'ated state he 
fouiah'd in fact, and if tlu' ae(‘ount givi'ii hy asfro- 
nonuM's concerning the various motions of our j)lam‘t, 
and the eifi'ct of tlu' solar and lunar attractiv<‘ [)o\\ (‘i- 
over th(‘ oct'an, Ix' also tah('n into consideiation. 

Then' ('xists str<nig presumptive' evidence' of (In' 
earth having Ix'cn in a state of incainh'scenci', find of 
its suhs('(pient ex])osui‘(' to inlluc'nci's w hich very slow 1\ 
find gnidiially r('duc('(l its tem|)(‘rat ure. 

Th(' I’l'duction of t('nip('r;iture Ix'gfin at tin' surface', 
and cfuisc'd the' eiute'r peirtion e)i‘ the* fiiseel anel in- 
tensi'ly heateel nnite'rifds eef which the* gloht' was 
compeise'd, shewly te) fittain a stfile* e>f ine*i|»ie‘nt con- 
gelatieen, or e)f cediei’cne-y gre'jite'r than it jeiew ioiisK 
possesse'el, when-hy the' fre'c escape’ of tlieyga'^e s whie-li 
pe'rnu'iite'el those' iiuite'rials hee’ame’ inipe’eled. 

As the' ceaige-aling [iroce ss advaneM-d, find ;is tlio.se 
inate-rials hevanu' siihje’cte’el tei it iiieae fisinglv as re - 
garels tlu’ir deptli from the glolie’s sinfae-e' iiiwai’els, 
the n'straints were also iiie-refise-el agfiinst the' tVi'e’ 
e.’.scap(' of the' gfisi's, wliie-li w'eie thus fore e’d to sen'k 
plaejes in e>r beneath the ye-t e'lastic crust, where they 
e.'ould iiK)st readily accumulate in tlu' chambers oi‘ 
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n^sorvoirs tlicy formed for tliemsoh'os, ])y compressinj; 
tlic surround i 11^ muterials into a state of greater 
d(Uisity and (‘.om])actnoss. 

Thos(^ accumulating gases became affected by the 
intense internal beat of the globe, and they then, by 
their ('xpansion, exenased a vast forces ii])o]i tlie y(‘t 
only ])artially solidified superincumbent matter. Hav- 
ing thus raised the surface^ into undulations and 
])rojections of various sizes and heights, the supprossc'd 
volc«ani(; tires ultimahdy lairst tlirougli tin' overlyinL^ 
matt(T whenever it ha])pen('d to be in the least 
cohenait and compact condition, and least cajiable of 
r(\sistance. 

A still greater amount of irregularity was imjiarted 
to th(^ earth’s surface by the sinking and collapsing 
it und(‘rwc‘nt in conseqmmce of tlu' ('scape and partial 
('xhaustion of those ('X])anding and igniting gas('s. 

The mat('rials of whi(di tlie ('artb’s crust (!onsisted 
at that ])(*riod were proliably of a nearly honi(^g(‘n(*ous 
(diaracter, and although made up of .an infinite varit'ty 
of elonumtary substance's, and subsc'epuaitly subje'cte'd 
at their surface to altering inHiu'nces, they ultiinat('ly 
re'solvod into the induratc^d condition in wliiedi the 
lowermost or granite formations are' now found. 

The advance of the globe'’s surface towards a 
state of congelation did not proceed eepiably. ^Vhilr 
in some latitudes it remained in such a partiaUy 
fused condition as to allow the permeating gases to 
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i scape with the utmost freiH^lom, in others it liail 
become so miK^h consolidated as to n'sult in j^reat 
superficial irrei;;ularity, and in the formation of inuu- 
nierahle volcanic vents, through whii*h the ilames, and 
vapours, and molten mattiT were pouri'd forth in 
enormous (piantilii's from the interior of thi‘ earth. 

The “volcanic^’ rocks consist of materials which 
were thus eji'cti'd in a molten stati' from Ix'iii'ath thi‘ 
earth’s conginiling “crust,” while tln^ lattia* was still 
in an iutensi'ly heati'd, and, jiossibly, in a partiallv 
ductile condition. 

It was by means of these vents that the volcanic 
lires, which probably raged for many ag<‘S Ix'iu'ath 
the earth’s gradually hardening crust, weri^ slowly 
exhausted, and tb(‘ reduction of tlu? globe’s heat was 
elfecded aft(‘r its surfaijo had attaiiu'd a consolidali'd 
stat(‘. 

Bearing in mind how imiiKaisi' is the si/e of the 
gl<j]jc, and that its refrigeration has been ellech^d by 
means of operations thus carried on at its surface, it is 
not dilK-Cult to conceive that for so vast a mass to 
attain an indurated state an enormous jieriofl must 
have been rei[uired, extending even to our own tinn s, 
when those internal volcanic tires are still in a <;ondi- 
tion of considerable activity. 

The effects which may be conjectured to have 
resulted from the earth’s crust liaving undergone such 
a process of refrigeration, may perhaps be aptly 



ST^MM\RV OF 


150 

illustrated on a cr)iTi})aratiYely mic^roscopie scale 1»\' 
those pr(jduced upon tlie surfaeci of any large piece of 
ineta! (tasting after it has attained ji state of eongela- 
fion. l>y the process of refi'igc ‘ration it ac(piires a 
superficial roughness, o(‘casion(Ml hy inniiinerahle 
minute irregularities, v.’hich are only ])erc('])tihl(' on 
close examination. Xot in {iny degree idtei’ing the 
g('n(‘r{il outline of the (;jisting its('lf, and heing, in 
eomparison with its dinuaisions, utterly insignificant, 
thos(' irn'gularifies a])pear to Ix' simj)ly the result of 
o])erations elfeeled at the surface during ih(‘ ])rogress 
of refrigerjition, whereby the heat and vapours of the 
intcTior were carried off, and without which the metal 
could not have attaimxl a congcxiled and hardiaied 
condition throughout its entin' mass. 

With rc'gard to the (xirth, it seems ditHcult to 
imagine that its i*i'frigeration could have' heen efh'cted 
('xci'pting hy similar opc'rations carried on at its 
surface, and resulting in numlxTless proji'ctions and 
irregularities whose j)roportions are almost infini- 
tesimally minute as com])ared with tlu* glolx' upon 
which they liave h(H*n produced. 

Thus, in consequenci‘ of the refrigMU’ating inthnaices 
to which the earth's crust was i'xposcxl, did it prohahly 
attain, while yet in a partially fused and ductilo 
state, a structural and siqx'ificial irregularity which 
only hecanie permanently impressed upon it when it 
had finally tuxpiired a condition of complete congelation. 
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Althougli, however, that tiival (^oiulition was pro- 
gressively effected, yi't, probably, the process by wbicb 
it was attained did not advance in the same ratio over 
all parts of the earth’s surface. Idle materials forming 
the crust in some localities may have hardly become 
(‘onsolidated Avlien in others the volcanic stage had 
fully set in, and while parts of the earth’s surfaci* 
elsewhere wctc so far redu(‘e(l in tempera! un^ as to 
admit of the condiaisation upon it of tlie a(]U('oiis 
vapours which ])robal)ly surrounded tin* globe in vast 
collections, awaiting the time when tlu' state of its 
temperature would allow them to deposit tliemselves 
in a li(|uid form. 
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SUMMARY OF PAST OKOI.Oi: IC V 1. OPEUVTIONS CONTINUED. 

Tlif coinlmsatinii nf uiuhmui.s vai)nurs uml tlit' ^o-tiJiial acciiniu 
liilioM (if \vjil« r ujMHj tin* iiiiitti-r wji.'n 

tlu*rel»y tninsport.c<l to, iind (loposit«-»l iti still iutcnsily lioatcd 
localities — its (sonvcrsioii into nietanioridiii- rocks — thi' lor- 
niation of seas and oceans — sulmuiriin' \olcanoes and oilier 
operations would be sullicienl to ae<*ount tor the most com- 
plicated arrangement of tlu* difFerent kinds of r(u*k — an infinitt* 
variety of chemii’al ellects were jirohalily producetl— an 
i'limimition of vaflous snbstanccs from the materials of which 
the glohi! primarily consisl«‘d, may ha\i‘ taken phn‘e — upon 
seas and oceans beginning to he formcMl. chi'inical agencies 
iiiay have at once bi-gun to operate in connection with the 
acmimulating water — tlie lasting saliru' property of tlie ocean 
may liav»! been thus acquired — the graihial di‘\i'Iopm*nt of 
an atmo.sphore. 

Id’ oiiniiot be supposed tliiit wliile tlu' globe wholly 
remained in the intensely heated stat(‘ described, it 
was capable of allowing the surrounding vaptnirs to 
become condensed upon it. As soon, liowever, as any 
part of its surface beciune sufficiently cool, they tit 
once began to de})Osit themselves in a li(|uid form, and 
to flow to and collect in the localities that were most 
suitable for tlieir accumulation. 

It was in the most elevated parts of those regions 
which had been earliest subjected to the volcanic 
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t)|)(Tati()iis l)rforu (Icsrribctl, and liad iuad(‘ {\\v ;^rratt'st 
progress towards a state of eoii<^t'lation, that tlu' 
aijueous va[)oiirs wi'iv lirst depositt'd ; and such, tlu'ir 
('arlii\‘5t disposition, may have ofriirred whih* the sur- 
face of till' lowi‘rniost valh'ys of tlu^ same ri'*’ions still 
n'taiiK'd su(*h a hii'li di'i^risc' of t(‘m])(‘ratiiiv as to 
cause at first th(‘ imm(‘diati‘ ('va])oration of tln^ water 
wliii'li flowed down upon it from th(‘ hii^hor districts, 
hringin^ down with it j^retit ([uantities of ahraih'd 
matter. Layt'i* upon layi'r of the sisdinu'iit then wi'ut 
on accuniulatini;’, and, in cons('([U(‘nc(‘ of the sit»‘of its 
deposition (^ontinuin*^ in an intens<'l}’ hi‘al(‘d state, it 
hei‘am(' transformed in cliaractcr, and a(*(juij‘(Ml tlu' 
peculiaritii's of texture which now distinguish tlu' 
“ m('taninrphic” forneatioiis, although it was all tlie 
whili* assumin,^* a sti’atified condition, ddn* d(‘[)osition 
of water ])rohahly commeuc< (l in sonu' latitudes lon,s;' 
h(‘fore it dill so in others, l)ut it may ni'vertheh'ss liavi^ 
h('u;un in man}' different re^^ions of the j^lohi' at nearl} 
till* same time. 

As till' t)roc(‘Ss of coiiden.satioii advaneiMl jn tliosi* 
ditfcreiit regions, a (‘orrespondin^- increase in the flow 
of watiT to theii* lowermost plains and valleys must 
necessarily have ensued; and \\ hile many such loiial- 
iti(\s nia}' liave retained so hi^h a de^iei; of’ tejiipera- 
tun; as to cause a ^'ast aniount of evajxu’ation, yet 
they may liave hecome peiiiianently eovei-ed with 
the accumulating fhjods, the auj^nientation of which 
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Tinist liavc oocasioiH'd tlio siilniK'rgFiico of still ^vi(lcr 

an ‘MS. 

Tli(‘ scMliiiuaiiary ])nrti(*l(‘s, which w(‘ro ])i’ohahly 
co7n])os('fl of various suhstan(*(‘s, and wore home down 
in {ui<j:ni(‘niin^ finantitics and dcpositc'd upon the sites 
whither fh(.‘ wat(‘r (iowi'd from th(‘ hi<;her disti’iets, 
iluai ])ecanie snhjeHe(l to all the transformations the 
h(‘at w.as capalih' of (‘Ifectinu:, vwn whih' they W('re 
assumin’;’ u lamimih'd and sfratilied condition. 

In conscfpuaice of th<‘ wat«‘r thus au;;'mentini;, in an 
incn'asinii; ratio, it must hav(‘ ha])p(‘n('d, wlaai ditlercait 
accumulations of it orii>;inat(‘d in tin' mai^hhoiiihood of 
(‘ach otlu'r, that those' s('])arat(' ae-ciimulations l)(‘(‘am(* 
at haiji^th unite'd ; and, hy tlu' conihination of many such 
(‘idarge'd collections, the water must ('veaitually have' 
Incr(‘as(‘(l to so vast an (‘xteait, that tlu^ ci'iitrifu^al 
three' ol* the' e-arth’s rtdation eeii its axis anel e)f its 
re*volntion in its orhit, ho^an at leaii^th to atfe'ed it, anel 
that the' solar anel lunar attracti\e' ])ower also he'gan 
to h(' manife*st('d upe)n it. 

Tlu' cause's whic'h at first we're' in »)pe‘ration all 
over the ^’lohe' and (piite' ])revi‘nte'el the* Mirrouneling 
va])e)urs from coneh'nsiiiL; upeni its snrfaeM', and which 
('euitiniu'd in ae*tivity in some' ])arts eil‘ tlu' »;’1o])e lon<>; 
afte'r tlu'y had cease'd in others, must havi' occasioned 
an ('ne)rmenis amount of eva}>e)ration wlu'u e'xtensive 
rc'gions became' thus ])e'rmanently suhme'r^e'el. But 
wlu'u vast hoelies of water had hi'en thus fomied in 
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some parts of the world, those eauses would no loiij^na- 
previ'iil that ('haiaait fn»m (‘xt(‘ndin<;‘ to oilna’ ])arts. 
It must hav(' L!;(au‘ on acMaimulatinp; until the seas and 
oeeans of tln^ Li’lohe had hnally attaiiu'd their destined 
dimensions in all latitudos, what(‘V('r may hav(' Ix'on 
tlie eondltion of tlie parts of the earth’s surface' over 
which it tlius ultimatedy ])revaih'd. 

(deolo^’ists .sj'cin to liave' anaved at tlu' conclusion 
tliat suhmariiK' volcanic (‘ruptions liave take'n place' 
upon an ('xtc'usive' se'ah' ; ami it se'eaus im})rohal)h' that 
tlu) suhm('ra;('nc(' of any j)art of the earth's surfae'c' 
would impede' those' or any eethea* of the' i.i^ne'ous 
ope'rations whiedi have' he'eai sua’tC^'ste'd as haviii}^ 
nexM'ssarily oe'e'ioa'e'd in ceniseMj^ueaie'e' of the* re'fri- 
j.^(U‘jitini; intlue'uce's t(» which the* elolx* ^vas e^xposed, 
whe‘th(‘i- the' mate*rials forminj^ the* e‘nist hapjeeaieel, 
at the' time' of suhm('ri!:e*ne;e', to he* me're*ly in an In- 
e*i])ient state' of con^j^e'latieeii, ea* te) have? attaiiK'd a, ceeii- 
dition of fullv develojeeel vo](*anie? ae*tivity. It i^ 
likely, on the' contrary, that some* of tlmse* e)p('ratioTis 
we're' facilitateel theia-ley, as, for instane'e*, when the* 
wate'r e*ame‘ to jerevail e>ve‘ran exte-nsive* site* wheax' the* 
e*mst was ])re;viou''ly in such a fused ejr eluctih* state* as 
to allow the* whie*h ])e‘nueate*el it fre'e‘ly to ese^ape* 

fnmi all ])oints of the* surface.', the* sup('i‘ine*(iTnh(‘nt 
wate'r we)uld not (»nly hy its we-i^ht he-lp to re'pre'Ss 
those.' ^^ase'S, hut weenld also ])os>i]jly, hy its direct 
('homical ae-tion, faejilitate the proce,*ss of coni^^e-lation 
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itself, and tlierc'by liastiai tlu3 vulcaiiie (‘fleets which 
tliat pr()(;(.‘ss w.'is tlu' means of producing. 

then, the seas and (xaians in many regions 
w(‘r(‘ being formed, and w(‘re ae(|uiring their greatest 
niagnitud(‘, the diffca-ent parts of llu‘ (jartli’s “ crust 
beneath them nniy have h(‘(ai in dilfeivnt conditions of 
development. In som(‘ parts it may liave beiai in an 
incipiont states of eongtdation, tin* granitic materials 
of wliicli it (consisted being still partially fused and 
diietih'. bflsewhere the vol(.*anic ])hase may have 
st'areel}' set in ; or numberless volcanoc's may have been 
ill a, state of full activity, and hav(‘ Ixam sending forth 
vast ([uantities of molti'ii niattm*. Klsi^where, again, 
tb(‘ eartlds surface mayhavi‘ beiai in such an intensely 
lu'utcMl stat(' as to ni(‘tamorphos(‘ the sediniimtary 
mat(‘rials which wc're (h'jiositi'd upon it in the gri.‘ati‘st 
abundance, and to re-vaporize the ^\'ater by which the 
si'dinu'nt was brought down ; wliilt* upon other parts, 
when' the crust had attaiiu'd its final indurati'd con- 
dition, till' jiroper aqueous deposits were being formed 
upon a vast scale. 

And if, in consequence of sonii' regions biiiig in a 
condition to permit the suspended aipieous vapours to 
condense upon tlii'in, when othei’s were nut thus 
prepared, water came to jirevail over the former, and 
went on accumulating until it occasioned the sub- 
mergence of regions which were yet in an igneous or 
actively volcanic state, until, in fact, it occupied as 



SEAS AND OCEANS. 


157 


much of the Avhoh' ('artli’s surface' as it was (h^stiiu'd 
ultimately to ('inx‘lop(', such a re'siilt must have' he'cii 
atte'nded hy me^chauical and che'iuical ope'raiioiis of tlie' 
most com})licated charaedew anel on a scale of vast, 
matrnitiide'. 

As re\a:ards the* i<J!;n(‘oiis and carlic'r ])arfc of tin' 
aepieous formations, the ope'rations thus canh'd on at 
the' holtom of the' se'a may havc^ ])rodu(‘.(‘d upon ilu'ni 
e.'lfe'cts, a7noni>- ollu'rs, indi(*atin<^ that both tliose^ (‘lass('s 
ot“ro(*l\s had l)e('n to souk' e'xtead, e*ot('mpoi an('ousIy snh- 
j('e*t('(l to an iidnise de't»ree (d‘he‘af. h('t it bi' inia:.;'ine-d, 
for instance', that a elistrict be'eanne snbnu'raje'd whe'H' 
tln^ surface ])i‘('viously e'onsish'el of ,!^o'ani(ic mat (‘rials 
in a partly fusi'd and ductile* stab*, and nvIh'iu* con- 
sidc'rabb' accretions of sedinn'ntary nmth'r tb('re'n]M)n 
took place* ; not eady wemld the* ])r('cipltat(‘d se'dinie'nl 
at first take* the foi’in en* outline* ejf the* sui’faeM* upon 
which it was eb'posite'd, ('veai while' assuming' a lanii- 
nate.'d and stratitiesl e'ondition, but it weadd al.’<o Ik' 
snbje.'ctee] to Micb chemical ti‘ansformatio]i as the liecat 
of the* subjacent e’o(*ks, (*onibineel with the' action of the 
wate/r, could ])roeluc(‘. ( )r, supposinj^ adisti’ici to have; 
b('(‘ome' the' sce'iie e)f numerous volcanie* (‘ru])tif>ns aft(‘r 
the' watea’ thus came to pre'vail u])on it, and after sedi- 
mentary ele])o^it< had be*cn formed by its me ans, those* 
aepie'ous fe>rni:ttie)ns must have? be'cn similarly affee*ted 
by the heat ed* tlie niedten inatte?r wliich ove.-rflowed 
npejii them. Tn both case's botli kinds of rock in cem- 
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tiKit would afterwards present indications of their 
Iioviii^^ (M)teinporaneoiisly in a lu'ated condition, 

althouj^h tlu'ir respective cliaractiTi.Ntics reniaiiu'd 
sufii(a*ently intacd as to conclusively t(‘stify that their 
origin o(^(airr(‘d at difhTcnt times, and was du(‘ to 
dilf(Tent caus('s. 

In short, o])erations sucli as thos(‘ alluded to as 
liaviii.u; ])rol»aldy occurred in cons(‘([uenc(} of the 
i^radually coi\a;ea1inf^ process wlii(‘li the earth’s (‘rust 
lias iind(‘i\e;on(', would 1 k‘ amply sulHcii'iit to account 
lor tlie dilfiuaait kinds of rock of which it is compos('d 
lK‘in^^ now in a, most complicaftal, and apparently 
confus('d, (iondition, so far as th(‘ place's tlu'y (jccupy 
ndatively with (‘ach other are conceTiiod ; and tiny 
siMMii to present th(‘ iiK'ans of most reasonahly (c\])lain- 
in^^ very many of tlu' dithculties and a'ppartait 
anomalies with which a. consideration of the' oriicin 
and histiiry of the various j;-eolo^'ical formations is 
maa'ssarily attende'd. 

Xot only, howe'ver, wouhl nuH-hanical effects of a 
most intricate' ediarae'te'r and on a stiqie'ndous scale, 
proewd from operations thus carrie'd on upon the sur- 
fae*e' of the ^'lohe, during- the e'liormous jie'i ioel in whieai 
it gradually aelvanceal throup;h its \arious slae;es of 
de'vele)[)me‘nt, hut it may also with ivason he con- 
je'cture'el that an intinite variety of e*he‘mie;al effects 
were produe'cd in as unliiniteel a de'gre'e'. The num- 
hcrless kinds eif suhstances with which the earth's 
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bosom is ston'd, lioar witiioss of tlu' ^'ast and com- 
])lioat(.'d ag('ii(*ios that must Imvt' Ihm'U at woi-k to pro- 
diUK' tbom. And altliou^li it may l)i‘ utii'ily out ol‘ 
our powor to trace tlu^ di'tails of tlu' viirious ])roc('ss('s 
from wliich those substaiua's liavi' risulted, yet it is 
hut n'asoiiahle to infer that tlu'v have' all Ix'i'ii idimi- 
mited from tin' materials of \vhi(‘h the ^lohi' ])i*iiiiarily 
eousist('d, hy iiu'ans of an infinite variety of elian^('s, 
and eomhi nations, and dissolutions, ('ileett'tl uj)on a seah' 
of imnu'nsitv. 

It do('s not se(‘m inir(‘asouahl<' lieiiec' to eonjeet an' 
that, as soon as seas and oei'ans h(\L>an to h(' foiTued, 
soim^ of thos(* eh('mi(‘al ai^i'iieies also hi‘t!;an at onei' to 
operate', ’whereby an aflinity Ix'lweeii IIk' water andthe' 
suhstaiiee with whieli it was destim'd ev(‘r aftt'r to 1 m,‘ 
imprc'f^mati'd, was imiiu'diate'ly awake'iu'd into activity. 
Tlu' great salim' d('])osits ston'd so I'iehly in the earth 
in V('ry many place's, may have Ix'en eliminated by 
clu'mical intluences from tlu' otln*!’ matt'iials of the 
crust while? it was in a transition st:it(', and jM-rliaps 
cnlle'cte'el and eleposite'd in the* form of si'dime'iit hy 
mejansof the' accumulating watei's. At all e*ve‘nts, one 
of the characteristie's of the' s('a-watei‘, name-ly, in lliat 
its saline' epiality is not impaii'e-el, hut e-nlianceel by 
evaporation, se_'ems to sugge-st the* ]>rohahiliiy that its 
saltness was ae'([uire*el one*e^ anel toi’ g(j(;el while the? 
(?arth’s water}' envele)])<‘ was in e;ouise (»i‘ format iem, 
and while the surfae*e iqie)!! which it was accumulating 
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was eapulilc of <t]ionii(?al]y iTn])?irtiii^ to it that needed 
sjH^dalty (jf (ioFidition. 

Tlie niiiiierous opcTutions to wliieh tlie globe was 
sul)j('(‘t('d eaniiot liavo been eonbiied only to its solid 
portions and its watray (‘ovcaang. The atniosplnTi' 
will) which it is siirrouiuh'd, and whi(‘h, as scientitic 
nnaj inlorni ns, do(‘s not exhaid to a very great distance 
froni its sni’lacc', innst hav(‘ had its origin in some of 
tliosc^ operations. It secaiis prohalde that it became 
gradually fornu'd as th(‘ (‘arth advanced towards a 
condition suitable for th(‘ growth of vegetation, and 
that, after that stati' had been altaimal, it l)ecaTue still 
luoTH' rapidly d(‘V(dop(‘d by nnauis, in part, of the puri- 
f\ang cheniic'al intluencos which would b(‘ brought iiihj 
play wh(‘n extcaisive districts in dilfenuit regions 
b(‘came cov(‘r(‘d with a vast amount of foliag(‘. 

Although it s('(‘nis improbable that wati'r could 
have bcH'u foi-mi'd uj)on the globe wliih‘ it was wholly 
in a molten or intiaiscly heated ^tate, or that v(‘gcta- 
tion was (h'vi'loiH'd while innumerable volcanoes Avere 
in active' o])i‘ration, yvt it may be rc'asonably con- 
jectured that th(' molten, the vol(‘anic, the aqueous, 
and tlu' aerial operations were' in some deyn-e* coteiu- 
porarv. In tlu' early part of the voleanii‘ m’a, some 
portions of the glob(‘’s surface may have' attaineel a 
partially redVigerate'd state*, and been fornu'd into in- 
numerable proje'ctions of various lu'ights, outliims, and 
elimensie)ns ; and there, very many volcanoes may, 
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consequently, Lave j)()iin‘{l fortli their vast fuay tor- 
rents, even while tln^ “ crust ’’ elsewlu're was in a 
nearly moltcai condition. Tin* a([ue()us ])eriod may, 
in like luannev, have hepin in isolated regions, when‘ 
the volcanic forci's had hecoine partially ('xhausted, 
even while enornious volumes of moltiai matter and 
ifaseous fumes wc^re laani;* lanitted from tlu' volcanic 
v(‘iits that lon^’ afti'rwards (‘ontinued in activity over 
the grc'atcT part of tin' Avorld. And those' stupc'udous 
operations to which tin' glohe' itself was suhji'cti'd, 
were prohahly tlu' cause' of various che'mie*al eh've'lo])- 
ments eni an ee^md se-ah' of magnitueh', in the' re'gion 
of space' imnu'diate'ly suri'ofinding it, re'sulting in the' 
gradual e'liiiiiiiation of an atinosphe're' whie'h incre'ase'el 
in quantity and he'e'ame' more' and me)re' pe'i fe'cte'el in 
coTielition, as the' ])('rioel approae'he'el in whie'h its ageaie-y 
woulel he' ivepiire'e! for ulte'rior purpose's — a pe'rioel that 
may have' arrived wlu'ii the' e-riist of the' glohe^ lueel 
attained a e'ooh'd and an inelurateMl state'; when the* 
oce'an hael he.'en f)rmed upem its surfaea' ; anel, in sln)rt, 
wlu'n all things we're' ])re‘pare‘d for the' e'a]*lie'>t eh've'lop- 
ment of that oi-ganic lile witl) wliie-h it was ele/signed 
that our earth should hee'.ome occupied. 


M 
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AS TO THK Ai;iKKATTONS 01< CLIMATE WHICH HAVE 
OCCCllKEl) IN EVERY EART OE THE WORLD. 


IJpoiMslmt tlu* companitivi' cliinatiil citiulitioiis ol' diUVreiit rt'i^ioiis 
of tlio world inuiidy dopt^nd — owi))}^ to ctTtain tislroiioiiiicHl 
cjiiisns, roj^ioiis arc always tuiderf^oioj^ a clian^^o (»f ])osi- 

in relation to tlie sun — tlio natiir«- and t*xl<'nt of tliat 
elnin^a) — very long periods must elapst' en* the alterations of 
(diinate rt'sultino therefrom can make tliemselves manifest — 
the existi'oce of some animnls depeinN on a '|►avlicular con- 
dition of climate;— likt‘ fossil e\idenct‘s in ditlerent latitudes, 
of loi’nier coinlitions of climate, show that tin* deposits in 
which they e\i>.t. were not cotem]>oraneonsl\ formed — that 
cuiiehision coiT(d>orat<‘d hy the chjdk formations suiTX'^^nd (o 
lie now accumulfitinj^ in tropical st'as — the atmospher*' or 
climate of the f^Ioho probahly became oratlually adapted for 
Neoj'tahle and animal life — some one I’e^don of the f^^lobt; before 
any otlmr may hav»> been ibus prepared — how animal or^^•ln- 
i.Mns may liave ntained tlieir proper cliinatal hahilat — com- 
paiison of fossil nunaiiis found in dilfrTent latitudes, is not 
a true test of their relative a;^i s, or of tin* relative ai^'es of the 
deposits in which tlnw are buried. 

The ti.strononiieal causes to wliieli tlie changes of 
level undergone hy the sea and dry hind, rt'hitively with 
each otlu'r, are attributabhs must tilso he jiroductive in 
lengthened periods, of very considerable alterations in 
the climate of every phice upon the globe^s surface. 
Although the climate of a place is no doubt very 
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mucli alFooted or ino(liiio(l by local circuinstanc'i's, and 
altboiigli the pormanont establislniKait: of a particular 
stat(' of atmosplu'rc may !)(’» sul)ordiiiai('ly dm' to a 
variety of causes, yet it is manifest, from tlu‘ dilb'rc'ucc' 
bctwei'ii the tcTiiperatnres of the tro])i(‘al, tenijx'rati', and 
frij^id /ones, that tin' comparative climatal conditions of 
ditferc'iit regions primarily and mainly depi'inl on the 
position tliose regions bold relatively with tin' sun, as 
(b'tc'rmimsl by tin' spln'rieity of tin' (‘artb ; and as 
that position is always in a stab' of slowly progr(‘ssi\a' 
(diangi', by mi'ans of tin' motion ol‘ tlu' globe, frc'- 
(piently allmb'd to in tliesc' page's as causing (‘ucb o{‘ 
the pok's of tin' earth to d('s<*rib(‘ a circle or ('llipse in 
the heav(‘ns in' a pc'riod of alruit t\v(‘nty-si.v thou- 
sand yeai’s, and as producing the “ pi’ec('sslofi of tlu; 
(‘({uinox(‘s,” it folloNN’s, tliat then* must al^o h(‘ oc(*:i- 
sioned a very gradual but vf'iy considf'rable chaiigf' of 
climate in all parts of the world. 

To enable us to ('stiinab' tin' nature' and (*xtent of 
the altc'ratious of cb'jnate thus cause'd, if may h(‘ con- 
venient In*re, as on ]m'vious occasion.s, to mai’k or 
regai-d the (dmng('s of ])osition in relation to the sun 
which all places in the Avorld are (‘\(‘r unde'rgoing 
in conseepKTice of the motion in epu'stion, with nder- 
eiK.T' to the great imaginary plain' of the ecli])tic, 
which passc's through the centres of the sun and tin; 
earth, and may he supposed to hold thi-oughout all 
time an absolutely immovable phnn; in the universe. 

M 2 
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From nstroiioniioal ('xplaiiations it a])p(\ars tliat, 
]>y r(‘,asoii of that motion tlio equatorial })lane (or, 
raflu'r, an imajj;intny circ'le or rin^^ always (‘iieompass- 
in^ ilie ( artli in the equatorial ])lan(^), w hich at present 
diverge s from the plan(‘ of tlui ('cliptic to the extt‘nt 
of about 'i'U (lei^rt'es, is gradually apj)roaching tlu' 
latter, and ihat it will in course* of time' coincide* wdtli it, 
anel, affe'V the* mejine'nt e)f eoine*iele‘nce, se-pai'ate* fremi it 
again in a eliree‘liou e)ppe).site‘ to that hy which the* 
appre)ae*h e)ccnri‘('fl, until the* same de'gre_*«' e)f divergence* 
has ht'eai attaiiie-el, when the e‘ii*e‘le* e)r elli])se' descrihe'd 
hy e\ae*h pole* of the* (‘arth will have been ce)mpleted, and 
a gradual approach eif the* two plane.*s will he* again 
e'ommenea'd. 

Idle* e'lfe'e't may he e)th(*rwise eh'serihe'd as an al- 
te'ratiem in tlu* elire'ctie)!! ed* the* (*artlds elaily rotation 
e)n its axis, whe're'hy all i)arts e)f the glohe*’s surfaer 
are* maeh* to unele*rgo a graeliial changes e)f pe)sition 
r(*latively with the* surre)uneli]jg he'uve'iis, in the ce'iitre 
e)f Avhiedi the* sun is inimo\'a])ly tixe*eh 

It there’fore follows, suj)posing tlu* e'arth to have* 
he'e'ii in e\iste*ne*e during, e)r le)nge*r than, that e*iiormous 
pe'rie)el, that the eircumpejlar regions must have ox- 
perie*nceMl all the e*liinatal e‘hange*s inve)lveel, first, in a 
graelual ap})re)ach te) the ecliptioal plane te) the extent 
of (h'grees, and then in a recessie)n fremi it to the 
same extent ; that is to say, they must have? gradually 
passed from a condition of the utmost frigidity to one 
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possessing’ the more gviiiul clinraeteristies of temperato 
latitiuh^s, and have recedc'd tliroiigli tlie sanu' gi'ada- 
tions. During tlu' first lialf oi‘ the sanu' pi'riod, tlie 
climate of regions within hanpcwate latitudes must 
hav(‘ gradually heconu' mori' tro])i(‘al, and during tlu' 
reiiiaimhu* of it hav(' as gradually ri'sunuHl tlu'ir more 
temp(‘rate stat(' ; and all ])la<‘(s lying within tin' ti'ojiics 
must hav(^ (‘X])eri(‘nc(Ml the altc'rations h('t\\('('n a 
tropical and t(‘mpt‘rat(\ and a hanpc'rati' and tro])ical 
climate, in a like nu'asun'. 

By iHsison of the wry great slowness ol* tin' c*hanges 
thus (n’(‘r in progress, tlnw cannot hut h(‘ ahsolutely 
iuappr('ciahl(‘ within tlu' hri(‘f spa(*(‘ oj‘ any on(‘ [K'I*- 
son’s lifetime, or e\'en within a [K'riod i‘(‘pres(*nted hy 
sev<'ral suc(*(‘s>iv(' generations of imMi. Although, 
however, tlu'V cannot he ase'ertained hy tin' actual 
expcn’ience of mankind, yet tlu're* (‘xist ])ositive; I'vi- 
(hnees of very considerahh‘ cliinatal changi‘s liaving 
oecurn'd in tlu; course' of the glohe‘’s history. Ih'sidevs 
glacial anel otlie'r inelie*ations me-t witli u[)on the* e'aith’s 
surface, its “crust” alhu-els indisj)utal)l(' te'stimony to 
that (.‘fleet. In the British Islands, for instance*, as 
w{‘ll as in other parts of the* world, fossils of animals 
are found, having eharacte*ristics which elo not a|)p(*r- 
taiii to any specie's or genera e*xisting in the same* 
latitude's ; some e)f them, howe,*ver, being ide*ntical 
with those now living in more* northe*i’ly latitude's, anel 
others with such as have a tropical habitat. And in- 
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jismuch as it is atfiniiod l>y sci(‘Titifie iiioii, whose ju<lg- 
TiK'iit upon th(‘ snhj(‘ct is authoritative', that the living 
animals whose' fossil (M>unte'rparts are thus found in 
diffore'nt slinta of the same locality, ahse>lute']y reejuire 
for their existe'nee* a partieudar condition of e*liinate', 
it has ])('e'n e.one'lude'd, that eliffe'rent place's e)n the 
glohe' have' <'X])erie'need, in the' e‘e)urse e)f ve'ry long 
perie)ds, e*onside‘rahle' climatal changes. The' evide-nce's 
aftoreh'd ])v the* e'arthV ‘‘ eamst ” thus ceuTednuate the> 
e'.euu'lusie)]! ele'elueahle' from astremeunie'al the'ory. 

Altliough it is ne)t absolute'ly affirnu'el in curre'nt 
geole)gie*al systeans, that all roe'ks peesse'ssing the very 
same e'harae*te'ristie‘s and e*e)ntaining fe)ssils e)f the same 
de'scriptieai, we're' imKlueTel e‘xae;t!y at the' same time, 
ye't those' syste'ins se'e'in te) he' se) far founeh'd upem a 
suppositiem that fossils eif pre'ease'ly the same kinel, 
in what situatiem se)e'ver e'xisting, Inid a e‘e)te'mpe)- 
ranee)us e)rigin, that the' e'aith’s crust has he'cn tabu- 
lated into e*e‘rtain pe'rie)els, to eaedi e)f whiedi are re- 
spective'ly assigne'd all the ele'peesits, in whatever part 
e)f the we)rlel the'v may be', whie'h ceunph'te'ly resemible 
eaedi e)the'r tmel e'eaitain similar fe>ssil rennains. 

If, he)we'ver, there' be in nature' a law e)r prine'iple 
whie'h thus e*ontinexs e'ertaiii animals te) particular 
e'limatid habitats, it seems imp)ssible that a ce)tem- 
pe)rane'e)usiu'ss of e)rigin can, e)u the gre)unel mere'ly e)f 
the ferssil re'niains ce)ntaiiied in them being exactly 
alike, be ascribed to rocks situate in widely separated 
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l;ititu(l(\s. Ever isinco the ^lohe attained a eeiulitien 
siiitahh' for tln^ <h'\'elo|)nienl and niaintenaiiee of 
animal life, tlnav must have been a diversity hdween 
the dimah's of plae(‘s lyini;* at j^reatly diiferent dis- 
tances from the eijuator, on ('ither side ; and wlnai it 
happt'iu'd, as a concomitant circumstance of a certain 
abiding climatal condition in any lairt of the world, 
that animals of {i partiiudar sp(rit‘s or pauis livc'd and 
flourisluHl then', distant n'^ions in otluu- latitudes 
north or south must have h(‘(‘n at tlu' sanu' tinu' 
experiencing so ditlerent a (b'grcM' of lusit oi* (‘old, that 
the existence of ('xa(.‘tly similar organisms could not 
have o(,‘curr(‘d. From i)aheontologlcal as w(*ll Jis from 
astronomical considi'rations, th(‘iH*fon‘, it si'mns to hi' 
necessarily inferil^le tliat all a<pu*ous d(‘[M)sits whi(*li 
(‘xist in dilF('ivnt latitude's ('itlua* north or south, and 
contain ])recisely similar fossil n*mains, must liavo 
hci'n formed in pcM'iods very remotely distant from 
each otlu'r. 

This inference' seems in some' nu'asurt' to i)e cor- 
roboratc'd by op('rati(ms w)ii(F ]ia\(‘ been obsei’ved in 
progri'ss in tropical seas, wIk'H' accumulations of a 
substance' having the* appe'arance* of e*halk mud, are 
taking jdaeu.* on a veiy (‘xtensive scab*. Ft has be'cn 
surmiseel by a le-ading authority on the subje'ct, that 
tlic apparently sediiiu-ntary inatte'r wliie^h is be*ing 
thus elcpositcMl, e;onsists of minute* jinimal eu'gaiiisms, 
and that the ancient chalk ne)W femnd in vast abun- 
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daiHM' in various latitudes, was originally eomposod of 
similar materials. If, tlu'rofore, a (dimatc nearly or 
(juite tropical was absolutedy necessary for tlie produc- 
tion and multiplication of tlie microscopical organism.s 
of wliicli chalk is partly or wholly composc'd, it must 
have hapjK'iKHl that the immense accumulations of 
that suhstance in northern latitudes, wen' at sonu' 
foriiK'r ])eriod within the rang(‘ of troj)i(‘al inthu'uces. 
that is to say, niiudi lu'arer to tlu' ('cliptical })lane than 
tln'V now an'. 

\Vhil(‘, th('n, it cannot Ix' (piestioiu'd that the 
diffenait strata with thcii- fossil rtdics, of whi(‘h any 
particular a(pieous formation is fouml to consist, must 
hav(' he(‘n d('[)osited chronologically in tin' ord('r in 
which tlu'V are superim])osed oni' upon anotlu'r, yet 
thei*(‘ S('('m to h(' good and snhstantial n'asons for doubt- 
ing ifeven an appn)\imat(‘ cotc'mporaneousiu'ss of origin 
can, on tlu' ground merely of similarity of mat('rial, or 
of fossils emh('dd(‘d in it, lx* j)rop<‘rly assigix'd to a(|ueous 
rocks which an' situate in wididy si‘])aratt‘d latitudes. 

If the gloh(' has passt'd through tin' si'veral phases 
which hav(' hi'cn (h'serihed, it is ])rol)ahl(' that its 
atmosjdien' became gradually adapted for tin' various 
kinds of life that were to lx* calk'd into heing. Dur- 
ing a. long perifxl it may hav(' been surrounded by a 
hot st('amy atmosphen', which, besides lx*ing chemically 
unsuited, was of so great a density as to be ([uite un- 
titted for animal life, ainl yet was pervious to liglit and 
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otiiorwise capjiblo of afibnliii^* ilio .sup]>ort ivcpiinnl by 
V('j;-otiition. Tins iil least is certain, that tbe (b'velep- 
iiieiit of v(?getiitinn must have })rec('(UMl tbe a])peai‘jni(*<' 
of animal organisms, s('eing that upon it tiu' lattm- an' 
(Ic'pendent for existeiici', and it may liavt' bei'u })artl\ 
by mt'ans of an abundant growtb oi‘ luxuriant Ibliagi', 
iliat tbe atmosplu're became ada[)ted for Ibem. 

It may bav(' ba])p(‘n('d that sonu' one rt'gion of the 
globe before' an\ otlu'V was tlius ]>r(‘pan'd, and 
attaiiK'd. the condition of <‘limate n('<‘essary for the 
lo\v(‘st type of animal existem'c. In (‘onsi‘([uenc(' ol 
tlie animal organisms that wen* lluai awakened into 
life being dependc'nt for their (‘xisten(‘(‘ on a ])articular 
state of (‘limate, it must have of'cinri'd in llu' course 
of a y(‘i*y long ])eriod, that the ])lac(^ upon ilu' globe' 
where' th(‘y first app(‘ar('d became gradually unsuiU'd 
to their natures, in consecpieiU'C' of its b«'ing bi’ougbt into 
an altt'H'd situation rehftively w ith the sun, and Ix'ing 
tln'i’cforc' subjected to a different cliniatal ('ondition. In 
tbe nu'antime niiinbc'J'lcss succes>ive g('nera(ions ol 
tbos(' organisms may bavt' lived and died. Altbougb, 
bo\veV('r, tbe region of their earliest exist(‘n(*i‘ may 
have thus become unsuitable, it dot's not follow^ that 
they wc'rt' ('xlinguished. On the (lontraiy, tlii'y may 
have follow'od, or ratlu'r have ke])t pa(t(; gc'ograpbically 
witli, th(' changes which alt(‘r<'<l the clijuatc' of their 
original Inibitat, so that, in tin? course oi‘ time (long 
ages, ])erhaps), they may have conu' to (jccupy a n*gion 
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very greatly distant fivnn that in \v hi(?h they were first 
(iallod into l)eing, whore, at last, the only tokens of 
th(‘ir origin would (.‘onsist of deeply buried fossils. 

The einninistanee that there are now found in the 
same hxiality the fossil remains of various animals, 
each spf'ei(‘s or gcuius of whieh must have refpiired* 
a j)aitieular stat(‘ of climate for its existenee, may, 
p(Tha])s, !)(' thus accounted for, if it ho a fact that 
animals are suhj('ct(‘d in tln^ <jourse of many successive 
g(‘iiei‘ations, to a gradual and progressive (3]iange 
of g('ogra])hical habitat, by rc'ason of the law or 
nec(‘ssity whereby they are compi'lled to remain within 
tin* limits of the same climatal influences. 

If tin* preceding remarks be founded in fact, it 
follows that the geologi(*al evtmts that have transpired, 
cannot lx* <*bronol()gically ascc'rtained only by a com- 
])aris()n of the fossils found in oiu* part of the globe’s 
(Tust, with those discoverc'd in anotln*!*, unh‘ss it can 
be first detc*rmim'd in what region it was that animal 
life first made its a])p(*arance. Supposing it was really 
in some* one r(*glon of the globe, whu^h Ix'fore any 
other had attaiiuMl the suitable condition, that the 
dev('lopm(*nt of v(*getation first took plai,*e, and that 
animal forms, and subsecpiently tin* human family 
itself, first had their being, thtm it ^sould be there that 
the most ancient relics of our race should be found, 
and that tin* chronology of events preceding its creation 
sliould be traceable. 
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Divine rovolation and human history botli point to 
tlie East as the jiart of the earth wheri'in the earliest 
(Addences of mankind exist ; and it may he that tin' 
same region 'svill some day furnish the astrononuT and 
g(M)logist Avith the means of ascertaining Avith ct'rtainty 
the nature and <dironology of the AVond('rful opi'ralioTrs 
\Aher(‘hy tlie ultimate condition of our planet Avas 
attaiiK'd. 
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TIIK, (UNDITION OK TIIK (O.OHK’s SKUKVCi; KK.HKKCTKl). 

I pon file r4■(|ui^.it(‘ ccunlilioiis in any j>ait ol‘ tin* 

tlic (li'VrlnpuK'iit of vo;;ctatii*u iinnuMliatrly )ic;^un to 
pliico — a porioil prol>al»ly I'lapsnl }*rj<»ro aninial lilo 

was (aillod into oxislenco — it, too, pfobaliis appcurod in hton. 
jiarts of tlio world l(»n{>: hrloro it did so in otlioi\s ■— tli.* ;;lol>.' 
liavino pass( (l throii^di all tlio inaa-ssary prt‘)airator\ phases, 
it lioiaiinc linally adapted as a liabitation tor the Iinnian race. 

As soon as tlu‘ conditions rt‘([nisit(‘ for tlic nuiintc- 
nanc(M)f v(‘ 0 '(‘tal)l(‘ lift* Inid Ihm'II Jitttiiiu'd in tniy ])art of 
tli(' world, then, ])rob}d)ly, tin* first {^’t'rins of veii^etation 
iK'^an to 1 h* d(*v('lo]HMl. And it is retisonahk' to 
snpjtosc' that tlie (^arlit'st livini;* animal forms wt'n* 
awakeiK'd into beinu; imnusliatc'ly npon tbe nu'ans 
necessary for tludr support bein;;- ptmnanently estab- 
lislu'd. As in every otlu'r de]Kirtim'nt, bowt'ver, so 
i>; it likely, tlnit some parts of tbe earth l)(‘fore others 
wen' in a state fitted for tbe dt'velopnn'iit tind main- 
ti'iianot' ])otb of vi'j^jetable and aninial life, ('viai while tlu' 
wbob' <i:lobe, as an entire work, was advancini!: tbronf^b 
sticci'ssive stages towards tbe condition ultimately 
(lesiufiied for it. irence it may liave conu' to pass that 
some parts of tbe earth became covered with the most 
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luxiiriinit VKi;'('tati<»n very heiorc' tln' di vi'ln])- 

mont of KV('n a single' u:<‘nn was (‘ffoctiMl in otiua’s. 

A vury loiiLj; iM'viod ]>rol)al)ly i'la])stMl altca* vi'i^ota- 
tion had coiiu' to jnvvail thus cxh'nsivc'ly in diflonait 
rc'^ions, c'n' tin' condition of thin‘;s upon and inmu'di- 
atoly suiToundinL!,' tlu'^lolu' was adapti'd idr tin' su[)p«))*( 
of animal Hf(' on an ('xhaisivo scab'. Tn diu' conrsi', 
howi'vor, tlu' most insij^nifu'ant of animal ('xistoiu'cs 
were prohahly <'allod into lu'inj^, first in tin* ocf'an and 
tin'll upon tin' land, and won' tln'ii sinM'i'odod hy niori' 
oomplioati'd forms as soon as tin' ('ircimistancos m'ces- 
sary for tlioir (h'volojmu'nt had occnrri'd. 

In this r('s])('(*t, too, as in ('vory othi'r, if is likoly 
that somi' ])arts of tin' ^lolx' had advano(‘d to tin' 
ro(iuir('d oondilion lon;»‘ Ix'fon' otln'i’s; so that whih' 
sonn.' ri'^ions W('n‘ toomin^ with movinj^ lif* otln'is 
may havo Ix'oii incajjahlo of maintaining- (‘vc'ii iln' 
simpli'st animal organisms. 

So onormons is tin' thioknoss ol’ somo of the 
(h'])osits in wliich thi' v('<j^('tahlo snl>stanc(' constiln- 
tin^’ coal is found, that a vast pi'iiod is snpjiosod hy 
;jjoolo«>;ists to have elapsed dnrini^ the idrmation of 
thoS(' de])(»sits, extending, as it has hei'ii snrmisefi, 
evi'ii to hundreds of thousands of yeai’s. lint wliih; 
it liaj)pens that the portions ot‘ tin* earth’s crust in 
which coal strata occur, offer better facilitii's for in- 
vestigation than any other, tlie evidences they n'v<‘al 
of former animal existence are comparatividy few and 
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insignificant. Such a paucity of aiiiiiial or^anisni^, 
('spi'cially tliosc' of tlu‘ air hroathin^- class, so('nis to 
con‘o))()riit(' tlu' supposition that our planet was not 
suite ‘d for an extensive elev(‘lopment of animal life 
until long allea- a most abundant vegetation Inul 
be'come e.stahli she'd upon it. 

In tlie* meanwhile all the great laws and infliu'ncc's 
by which the globe and its seas and oceans are* 
i*('gulate*d, were* e)ccusioniug, in the maniK'r hefoi'e 
j)oiiiled out, th(‘ most graelual hut important e*hange‘s 
in the condition and contemr ejf the earth’s suifae'e*. 

Tmme'diate'ly iipe)n the waters aeMiumuIafing to a 
suHicie'iit ewti'iit, they weTi^ suhjecte'd t(> th(‘ solar and 
lunar influences, which, in coniu*ction with the earth’s 
rotation e)n its axis, oe*casioU(‘el elaily tidal alte'rnations. 
In e'ourse of time', whe‘U tlmy had attaiiu'd the* lull 
magnitude of se'as aiiel oce‘ans, those* other pe*riodic, 
hut h'ss (*()nspie*ue)us variati«ais in tln'ir cjuidition, must 
have he'(‘n aho proeluce'el in conse([ue'nce of tin* dif- 
fe'ie'iit ])e‘rturhations eir cliange*s in the motions of the* 
e'Jirth aiiel its sate*llite*. .Vnel those inlinitely more* 
gradual op(*rations must also have e.‘umme*nce*d, whiedi, 
with a sle)W' hut ewer ju’ogre'ssive change in the relative* 
positions e)f the lanel aiiel se'-a, are oewasioneel by reason 
of the e'urth’s rotatiem e_m its axis undergoing a gradual 
change' in its direction relative'ly with the surrejunding 
heavens. 

It may well be imagined that the ages during 
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which tlic operations alluded to wen* in [jroj^rc'ss, 
were a]ni)lv sniHcient to allow of tin' di'position of the 
('iiornions (h'})th of st'dinientary matter with ^^hich tin' 
earth is covnred. And wlu'ii it is considc'iH'd liow 
vast is the d('pth and arc'a of the oceans surrounding' 
the glohe, and on what an ('norinous scale voh'anic 
and otln'r igiu'ous agench's may haye hrvn in o])eralion 
h(‘neath tln'in, it is not dilli(!ult to conc('iv(‘ tha( tin' 
aijueous formations should hv found to con.^ist of v('iy 
nunu'rons hinds of mati'rial. 

And with regjird to the structural and su[H‘rlicial 
('ontiguratioji of tin* earth’s “crust,” including tin* 
igneous and nietamorjdiic, as ^\elI as tin' aipu'ous 
formations, if, jis it seems plainly to indicati', it has 
hec'U produ(‘('d hy such progri'ssivi* operations as thos(' 
point('d out, and if tin' solar and lunar attractive 
[)oweJ* arc ('xercis('d in tlu' manin'i’ ex])lained by 
astronomers, tln'U may it also Ix' conchnh'd that the 
“ change (tf h'yel ” which is observed to be in progi’ess 
in ditiereiit parts of the woild, is occasioin'd by 
astronomical cause's, and not )>y an\' physical “ up- 
heaval” of the earth’s crust in cons»'(juenc(' of sub- 
terranean vol(,'aiiic forces. 

Thus may tin* glohe have* passed tlii'ough suc- 
ct'ssive phases, until it camr* to hi*, at last, a.da})ted 
as a habitation for man. That all the known jaocesse.'s 
of naturi', of the snialh’st as w<*ll as of the large'st 
magnitude, are effected by means of a graeluul de- 
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vel()j)iii(‘iii, fields tli(' tcstiinnijy of [inaloi^y to tho 
inor(.‘ and visihlo proofs wliicli indicate tliat 

tlio glo})o lijis tlnis prop*<‘ssiv(‘ly attain(‘d Its prc'scjit 
condition. That (‘la])scd (‘re* llie i^reat work 

was c<)nsnininatcd hy tlH‘ cn'ation of tin*, human 
rac(' tluTc ai'o ahnndant (*vid(‘nc(\s to prove. And 
tlic coiK'lnsion wh.ich scM'ins to ht' inevitahly dedu- 
cihlc fi'oin tln'S(‘ vai‘ious considcu’ations is, tliat tin* 
stii])cndous and coin])licat(Ml, and gradually ])rogTcssiv<* 
<)])(‘i’ations which were' in th(‘ na'antinu* taking p]a(*(‘ 
upon th(‘ glol)i‘’s surface*, w(*n' the appoinle'd nu'ans 
whore'hy iln' earth attaiiu'd its ])('iiecteMl coiiditien, and 
Ix'canu* tinally ])i‘(*par<*d as a fitting abode for tin* Ix'ing 
whos(‘ cre'aiion ininuxliately preceded God’s Day of 
Kest. 
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GEOLOGICAL DEDUd^IONS TESTED BV THE MOSAK' 
NAKEATIVE OF THE CREATIOiN. 

It is proved by peolo'^iral e\iiIencos that the earth lias undergoing 
a process of gradual devtdopnicnt — it is reasonable to supjioso 
a principle of gradual advaneenieiit towards a lau-fected con- 
dition prevaile<l throughout the earth’s entire history — the 
prohalde earliest c(»ndition of the globe as suggested by astro 
noinical L*onsiderations — the course of evtints elicited by geolo- 
gical investigation seems to agree with the general outline 
of the Mosaic narrative — there was probably a iierioil when 
neither light, iku* wat(‘r, nor an atinosphc'n* wim*o pre>ent on 
the globe — from the Mosaic narrative a period is to he implied 
when neither getai)Io nor animal life existeil; and hence, 
also, w'lien thercj was no light upon Iho earth -- tluu'e ladrig no 
actual averment in that narrative of water ha\ing l»ccn created, 
its pre-existence is to be implied — in the Mi)saic nanative the 
formation of an atmosphere and of an oceanic; ccdlection of 
water, and the development of vegetation, are descrilaal in the 
order indicated by astronomical and geological deductioiiH— 
the timo when the atmosjdiere hecariio Bufliciently clear for 
the sun, moon, and stars to be a]»parent in the hrmament 
was probably when ocean, air, and earth weie adapted lor 
animal life — tlio calling into existence of the human race 
subsequently to the creation of all other departments f>f nature, 
is proved by geological evidence, and is in accordance with the 
Scriptural narrative- -concluding remarks. 

With the view of testing the hypothesis advanced 
in the preceding sections, by the very brief narrative 
of events contained in the first chapter of Genesis, 
the following observations are added to the matters 
previously discussed. 
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It results from evidences wliieli not only are fur- 
nished hy a eonij)arison of the different kinds of fossils 
with eaeli other, hut can also he elicited from the 
structural condition of the |^lobe\s “crust,'’ that our 
('arth has uinhu’^oiie a continuous })rocess of develop- 
rnc'Tit from a tinu) when neither ve^etrthle nor animal 
life exist'd, onwards through a period wherein tin' 
vejy simj)lest orpinisms which first app('arf‘d wt'ri' 
succeed('d l)y others having more comjdicated forms, 
those, in their turn, being followed hy (‘ri'alions of a 
still higlu'r order ; and the same proc('ss of advance- 
nu'nt being (‘V(‘r continued until tlu' human race itself 
was (‘alh'd into existeins'. 

And inasmuch as a princi})le of designed progress 
or develo])ment is deducihle from tin' ('videiu'c's thus 
afford('d hy tlios(' [)arts of tin* ('arth’s “ crust ” which 
are acc('ssihle to iiua'stigation, it seems reasonable to 
concludi* that tlu'saiin' [jrinciph' has prevjiiled through- 
out the earth's entire history; as well that portion 
of it which can, to some extent at h'ust, he unravelh'd 
hy means of actually existing indications, as that con- 
cerning which there are no tangible or visihh^ traces. 

It is of course impossible to believe* otherwise than 
that tlu're was a time when “ the ejirth was without 
form and void” — when, in fact, it did not exist ; and 
if tluu’e he good ground for inferring that it originally 
consisted of a vast mass of ductile molten matter, as its 
spherical fonn as well as the nature of the lowermost 
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parts of its cTust scvins to iiiclic'ato tliat it. did, it is not 
uiiroasonablo to suppose that it was projeetiul into 
space in that statt*, with a (•('ntrifii<;al impulse whieli 
imparted to it its various motions, but yc't with suoli 
eimtripc'tal restraints as contined it to tlu‘ m'tvssaiy 
orbital limits. Tluis must there hav<' bec'ii a time, too, 
whcni its first iwolution on its axis, and its first journey 
in its orbit wcto lH\i^un ; and if it sliould bav(‘ hap- 
pened (as t(j the nnmntlu‘mati(‘.al mind, at least, it 
appears not impossibU^ that it did) that in thc‘ t'arlic'r 
ages of its c'xistemas both its rotary motion on its 
axis, and its orl)ital motion through spa(*(‘, wi'r(‘ vastly 
slower tlian they now arc', it must of eoursc' ha,v(‘ oc- 
curred that both tli(‘ days and y('ars of that era weie 
proportionately long(‘r than tin* present <*orresponding 
periods ol* time*. I^xact and ju’oi’oimd as arc' tin' <*al- 
cadatioiis ot‘ astronomer', and wondi'rfnl as ai(‘ tin- 
rc'sults which they re\eal tons, yet they do not j)o-isess 
anv absolutely ])erfecl nu'ans of dimfbf iia-asuring 
C'Vc'ii the present velocities ;jt which the h(‘av(‘nly 
bodies perform then' various evolutions; and although 
it is nn'i’c' ''Urmi^c* and c'onj<‘ctui-<‘, yet for anything 
that science can ])ositiveIy aflirm to tiu' contraiy, there* 
is nothing unreasonable in tlie suggc'stioii that, in that 
c*arlv stage' of the C'artb’s In.^tory, c>n<,‘ rc'volution oi‘ cmr 
plaiH't on its axis, or a day, may ha\a* lite*rally occuj)ied 
the time' now consumc.'d in e\en a thousand ol* its 
revolutions in its orbit. 

V 2 
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Tlie information given to us by astronomers con- 
eerning our planetary system leaves no room whatever 
for doubting tliat tlic sun existed befon^ ever the eartli 
was foiTiied ; and, irub'ed, the theory which has been 
supported hy some learned imm, namely, that our 
plaiud originally formed part of the sun itself, and 
was proj(‘(‘ted from it, seems en tith'd to more credence 
than does any otlier that has been advanced. While, 
however, entinly acquiescing in the truthfulness of 
that which astronomers assure us, as to the sun bi'ing 
the centre (or nearly) of our planetary system and as 
to its ('xist(‘iice being necessary for the maintenance of 
tbai systc'Di, it by no means follows that the' conjec- 
tun's put forth by other learned men, to the ('fleet that 
th(' Mosaic account of the citation is in conllict with 
that elmu'ntary astronomical fact, are entitled to beli(‘f 
Regarded as abstract projxisitions, the statcmients, 
“ In the beginning God creatt'd the heaven and the 
earth,” and “ God said, let tluTo be light, and there 
was light,” command our absoluti' assi'ut. Ncdther of 
them deny that the sun j)r('viously existcM, nor in 
t'ither is its actual creation averred, unh'ss in “ the 
heaven,” the whole universe', including the sun and 
mo<m and all otlu'r heav(*nly objects, is comprehended. 
And if the words of the' English vc'rsion, “ and the 
eartli was without form and void,” are intcrpretablc, 
as they seem of absolute necessity to be, that the earth 
was non-existent, then (also supposing the first verse 
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to be a kind of prc'faoe to, or general preclieation of 
what follows, a supposition that seems to be as reas<)n- 
able as any otluT) the eommand for the light to 
manifest itself liolds no in(*.onsisteiit place in tlie (bourse 
of events deseribod in the first thirteen viTses of the 
Mosaic narrative, even though the <‘n‘ation of the sun 
itself, or of liglit, were meant to be implied. 

It is, however, with thi' particulars of the eartlds 
progress through those' sueec'ssive prt'paratory stagi's, 
towards the ultimate condition designed for it as a 
habitation for the human raci', whieli an' (h'serihed in 
the sixth and following verses of the Mosaic rev('- 
lation, that a geological hypotliesis s('(‘ms to bi' most 
capable of being comparc'd and tc'sted. And, without 
presuming to venture upon any scholastic; criticism as 
to the exact intc'rpretation of that account, it may l)(.‘ 
ol)served, that the gcuK'ral courst* of evc'iits tluTein v(*ry 
briefly describc'd, sei'ins to agree with that tfinuigli 
which geological investigation eondu(;ts us. 

If tlu‘ globe was ju'ojected into space wbih' it was 
ill an intensely lieated conditi(m, tin* subs('(pu‘nt a(;cu- 
mulation of water upon its surface and of the enor- 
mous rpiantiiyof aqueous vapour around it, are liardly 
to be a(;counted fin-, (dlierwise than l)y sup])osing that 
there existed in spa{;e an almost infinite amount of 
such vapour, or of some element out cd‘ which it (;ould 
he eliminated hy the globe’s heat, or hy some influ- 
ence the globe or its motions may hav(* awakened into 
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And in(lul;i;ini!; in (•()nj('ctur(', tlion”;]! nf a 
most n'jisomiMo kind, it nmy b(; imagined that duririj^ 
a (•onsid('ral)l<' portion of tlio ‘‘molten period’^ dense 
jHjiK'ous vapour, eomlnm^l with tli(‘ gaseous fuim's 
\\]ii(*li enianal('d from (‘very part of tin' ('artli’s surfaces 
so d(‘eply and impenetraldy envelo]K'd the glohe as to 
romjjl(‘tely ol)S(*nr(‘ iln* sun’s light from it. 

Tt is diflieult to imagim' olln'rwise tlian that veg(‘- 
tation, \vhos(' s(‘ed or g(Tminating iiiHuenet' seems to 
he “ of its(‘lf ” in th<‘ ('arth, so spontan(‘onsly dot's it 
evt'rywlu're spi’ing up, must of niM't'ssily ]iav(' ('onu' into 
e\ist(‘n(‘(‘ as soon as thi' conditions i‘('([uisite fn’ its 
development and maint('nanc(' W(*r(‘ fultilh'd. And as 
g< ologn^ts discovi'r that th(‘i(' art' no trat^'s wliatt'ver of 
(‘ilht'r v('getal)l<' oi* animal forms in tin' lowt'rnmst 
portions of th(' ('arth’s crust, it sei'ins reasonahle to 
conclud(‘, wliatever may h(‘ tlu' circumstam't' to which 
that fact is owa’ng, tliat during an early pt'iiod thos».' 
conditions did not ('xist, and that neitlu'r light, nor 
moisture' in a condt'nst'd form, nor an atmosplu'n*, wta'e 
])r('si'nt U])on tlu' glola'. 

With rt'spe'i't to animal lih' no argument is neeth d 
to ('uahlo us to dt'tt'rnune most certainly that it wa^ 
sul)se(}U(‘ntly crt'ati'd, st'cing that its ('xisttaua' is maiii- 
taim'd hy means of the vegetable ta’oducts of tlu' soil. 

Now, in th(' ^Fosaic ac’count of tin' world’s devi'lo])- 
nu'nt, a perio<l is allmh'd to wlnaa'in ne'ithcr vegetable 
nor animal lib' were in bedug. For instance', afti'r tin' 
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formation of seas and dry land is dt'scrilx'd, voijjctation 
is said, in the lltli and TJth vc'rsi's, to liavc Ix'cn 
hroug-lit forth u})on tlu^ (‘arth ; and, al(lioiiL,d\ it is not 
stated whether it was in eonseqiien(‘(‘ of llu' int(a}se 
heat of th(' ^’lobe’s surface, or of the ohscuratiou of the 
sun’s liglit, or of tlu) absence of moist un‘ a ml any 
kind <d atmosplu or of all tliose (*anses comi)in(Ml 
(and the last secans to h(' tlu' most feasihli* su[)|)osltioii), 
that a period (‘lapsed ere it a[)p(*art‘d, yih it does thus 
positively convey to us that very inlormation of then' 
having l)(‘(‘n such a period, whieb is ol)taim'd by an 
investigation into tlie striuiture of tli(‘ I'artlds crust. 

It is a curious circumstane(‘ lltal, in th(‘ Mosaic 
brief description of the earth’s progn >s tlirougli its 
vaihms stag(‘s of d(‘velopment, tluav' is no ])ositiv(‘ 
av(‘rm(‘nt of water iiaving been <*alled into (‘xisteaua', 
or produced u]>on the arena of creation, and tlnd tlie 
command “ let then* Ik*,” aj(j^ed to other departments 
of natur(‘, as “ b't there Ik* light,” “ h‘t there be a 
tirmament in tin* midst of tln^ waters,” iVic., is md 
used in reb'rence to that elenient, l^’roni tin; state- 
iiieiils, “and the Spirit of tiod moved ujjoii the face* of 
the waters,” and “ (dod said, I..et there Ik* a hrniament 
(or an (‘Xpaiision) in tin; iriid^t (»f the watf-rs, to diN'ich; 
the waters from the* waters,” its pre-exi.>tence seems to 
he necc'^sarlly infei'lble. ?Now, if the tir.^t of these 
stateiinaits is (;apa1de <d' being interjUK ted as meaning 
that water existed in s])ace, as it may have* done in 
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the form of aqueous vapour, then does the creation of 
a firmament or of an expansion, or its development 
from a prior condition of things — for the words “ let 
there be,’’ arc capable of either interpretation — secern 
to describe just such a separation as an atmospliere 
would effect between the moisture which was sus- 
pended in space around the globe, and that which was 
deposited upon its surface in a condensed fomi. 

Continuing to apply the suggestion of there having 
prevailed throughout the earth’s history a principle of 
gradual advancement or development of condition, it 
is ri'asonable to suppose that, in course of time, tlu* 
heat of the globe became so much diminished as to 
enable collections of water to form in many places 
u])on its surface. And it is certain that if the con- 
(haisation of vapour and its dt*j)osi<i()n in tlie form of 
water thus occurred, the operation of physical laws 
must have caused it, as it went on extiaisively accumu- 
lating, to spread itsidf upon tlu' globe, and form upon 
it one partial envelope, or in other words, ‘^to b(‘ 
gathered together unto one place” (such gathering 
together” being called “seas”), and so that smaller 
uncovi'red portions of the globe’s surface should a])p(*ar 
in the midst of it as “ dry land.” 

If our globe lias })a.ssed through the various stages 
of development described in former sections of tliis 
treatise, it seems hardly conceivable that an atmos- 
phere adapted for the support of vegetation could have 
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become formed until tlie fiery fuiiu^s and gaseous ('xlia- 
lations wliieli einaiiated from every part of its surface 
in VRvSt (Quantities during tlie molten and })art of tbe 
volcanic eras, had in a great nu'asure abated, and until 
a period had elapsed sufticient for a large' colh'ction of 
water to be formed under that gradually devi'l(>i)ing 
atmosjdiere or ‘‘ expansion.^’ It seeans, however, to 
be reasonably dednciblc from the circumstance's 
which have been frequently alluded to, that by tht» 
time the watery ehanent came to prevail ove r the 
greater p;irt of the world, tln^ earth had attaiiu'd a 
state in which the developim'iit of vegetation (umld 
occur. 

Now, in the Mosaic account, the formation of sncli 
an “ expansion” or atmosphere, and of a great o(‘('anic 
collection of water, and also the (h!V(‘loj)inent ol 
vegetation, are all describc^d exac^tly in the onh'r of 
occurrence thus indicated by g<'ol<;gical diMluctions. 
The development of a “ firmanuait in the midst of the' 
waters,” whereby there came to hi' a sr‘])aration of tin' 
wat('rs above tliat nn'dium from those below it, is 
described in tlu' sixth and two following v(‘r.s(\s ; while 
the gathering together of the waters ‘‘ unto one place,” 
and the ap[)earanco of the dry land (or in otlu'r words 
the formation of seas simply, for tin* eai tli, or “ dry 
land,” was aln'ady in existenc<‘), iinntioned in tin* 
tHh and lOth vers('S, are immediately followed by tht* 
announcement in the 11th and 1 2th verses, of the 
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l)iinL:inu^ fnrlli of ‘‘ tlir tlir lu rl) yirldinjj^ sctd, 

:ni(l tin* fViiif tr< <' yicMiiiLT fruit after liis kiiul, wli(».se 
^<‘('<1 \\a>i ill It^rlf after liis kind.’’ 

Iiut, not witli^tandiiiu: tliat suiiir kind of an atnms- 
jiln'ii' liad kccoine de\ «‘lo|)<-d. an<l tliat a va>t aeeii- 
niidation df wat^r was fornird, tin* lu-at of tlie ol(i])(v^ 
al(lioii;.*;]\ gradually dminn''liin;^-, imi>t liave k'li^ ri'- 
maine<] so ^-roat as to liav(‘ occa^doia d a rapid re- 
va j)ori/ation, on an enormous scalf', of tlu' water 
de}io>itod upon its surfaei'. llenci' it sei ms jirobalde 
that, duriiifj; a lon^ jieidul, tlie (‘artli \\a‘< surroundid 
l)y an atiiio^pliero wliich, wliil(‘ it was so dmsi'ly steamv 
that the sun and llio moon and tlu' ^tar^ were* eiitirt'ly 
olwcured hy it, w'a> \et of smdi a naturi' as to ho p<‘r- 
viou> to lii^dit, and wu'^ so far roIlo\cd of noxious vol- 
canic fumes as t(» h(‘ well adajited for iht' diwelopment 
and o row til of some kind of vcL;’(‘t ation, w hich coiilrihuted 
its (dienii(‘al inlliiences to (he fui ther piirilicatiou of tin' 
aiM'ial eh'inc'iit. As events continued in their slowly 
<l(‘Velopini!; course, tin* (n-ean, air, and earth ht came 
more and more prepared f<»r the animal life witli 
whiidi tlu'v were t(» teem ; and wlun, in ('onsispu nee 
of a Ltradual diminution of (he lieat (d' llu‘ filohe and 
of th(‘ density of the (‘nvelopinf>: a(pieoiis and <»tln'r 
va]>onrs, the atmosphere in some parts of the world 
liad hiM'ome suiUi'ic'iitly edeared, tlu' sun and tlu' moon 
and th(‘ stars must havi‘ become visible lrf)m tlu' 
^dobe’s surface throupjh or in the “ firmament of tlu‘ 
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li'Mvrn," »>r that foniUMl ;i iiirdimu ai' intncrj)- 

tion lu tw'i'cii llu' iKjiK'ous vapours or (louds lu'ld iti 
'^uspi'iisioii ali(»\r tlir cartli, and tin* watci’s wliicii liad 
lu'ru drpo^ltod ujuni its surlacc. rmil thr ]ica\'i*nlv lu- 
niinai’U'^ had Ijacoinr vi^ihlr in llial lii inainrul or l>lui' 
(‘\pan>r wliidi was occasioiird in rousiM jUciUT of tin* 
(‘li ai-iuL;- of )Ih' at ino^plua o, it wasni>t idi‘ thorn 

to form or lu* “ ll^hf'^ in tin* ilrinainonl of tho lioavtai to 
divldo hot worn tho da\ and hotwtM'ii tho iiiaht ; " nor 
to <(‘rv(' “ foi’ and Ihr reasons and for days and 

for yoa^■^.” Alllio'i'^h proviously in aotiial (‘xistonoo, 
V(‘t, a^ In a \ ( al\ til*j( o(s or .•>it;ns \ i -ihlo tVoiii (lio oarth, 
and a< the iii aii' N\hor«*h\ >oa^on-^, <la\<, and \<‘ai'> 
vould ho niai’ki'd. they «‘orlainly di«l not as loin; 

a-- tlioy \\'( I’o totally ohsoiind; hat, as >0011 as tho 
nloho oanio to ho surroundtd hy a 1 rans}>aront oxpanso, 
then, indcotl, tho\ \vr»uhl s<*rvo “ foi* li;;hts in tho 
linnaiiK nl oi’ hoa\on to ;;ivo li^ht ujjon tho l arth.” 

To iidor IVoin the Jtith and two follownn; vorscs 
that tho snn, nioon, aij<l -tai’s aro thoix in alliiinod to 
liavo hooii actually croato<l sulooipiont l\ to the time 
w'hoii tlio inanlf ''tat ion took place ol‘ the Ii;;hts nion- 
tionc(l in the Mth verso, or of the “ ln;'ht” inontionod 
in tin' ‘ird nciso, is not oidv to '-npjio-o that tin' writer 
of the l^t cha[)tor of (ione^is wa-^ l^xnoiant of the sun 
hoii.LT the -ource of li;;lit, hut is f>rcljn; and strainin;^ 
from the words einplovod, a iiicanin;; which is not 
litcrallv inferihle from tlioin. As an ahslract aver- 
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rnent, it is undeniable that two great lights (with the 
stars also) were, wlu'nsoever, made by God, “ the 
gr(‘at(‘r light ibr tin* ruh; of tin' day, the lesser for the 
riibj of the night and that lie “ set them (whenso- 
ov(t) in tile tirmann'iit of tlie heaven to give light 
u])on thi‘ ('arth, and to rule ov<t the day and over the 
night, and to divide the light from the darkness and 
it is reasonable to believe that tlu' time when those 
luminaries were ea[>able of fnltilling tin' purpose's re- 
cited in verses 14 to 19, for which, among others, thi-y 
had been whenso(‘ver created, was the time when the 
ocean, air, and earth had attained a condition of titness 
for the development and sujiport of animal life. 
According to gc'ological deductions, that time could 
not have arrivc'd until long after the emission of vol- 
canic firt's and gasi's luul subsided over tlu' greater 
pjirt of th(‘ glob(', nor until the condensation of aipieous 
vapours had occurred (»n an enormous scab', and an 
atmosphere had been in sonn^ uu'asure developed ; nor 
until the globe had so far attained a completed 
physical state that an oceanic colh'ction of wat('r had 
be('n formed, and vegt'tation had made some progress ; 
in short, not until the various opiTations of nature had 
been so far consummated that the vivifying intiuc'iice 
of the sun’s light and lu*at coidd bi' beni'ticially exer- 
cised u{)on the soil of the dry land, and upon the 
waters of the ocean, and upon the atmosphere sur- 
rounding the globe. 
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And the Mosaic account comprised in tlio first 
nineteen vi'rses of Genesis, regarded as a general 
outliiu' of events wliieh occurred in tlu' history of our 
globe, uj) to the pcTiod wIk'ii the wafers had attained 
a condition adaph'd for tlu‘ “ creeping en^ature tliat 
hath life,'’ and wlien the “face of the firmament of 
heaven” became suited “for fowl to tly thert'in,” 
seemis to agree exactly with the rev<‘lalioii wliieh the‘ 
structural condition of the globe's crust pri'scaits, when 
consid('r('d in <‘oniu‘otion with some of tin' heading 
pliysical laws by whicli the plaiu.'t itself, and tin* air 
and wiiter surrounding it. are ngulated. 

Tin* i'arlh’s crust does not seem to have yet 
afforded to g('ol(»gists sufficient information to enable 
tlnan to form any coindusion a'< to wlu'tlier the <*,ar]i(‘st 
palieontologieal r(‘<?ords consist of vegetahle or of animal 
organisms, or of denizens of water, land, or air ; if, 
how(*ver, wat(‘r was forming and collecting during a 
long ])eriod, whih* tin* volcanii; fires were expending 
t}iems(‘lves and lH‘Coniing gradually exhausted, it 
seems reasonable to sujipose that alb r vegetation had 
ajipcared, and an almospherti liad become developed, 
the earth’s great oceanic girdle wouM be adapted for 
the life with wlilcb it was to teem, at least as soon as 
the air, and lielbre the dry land itsi'lf w^as similarly 
pr(;pared. And the course of events deseribi.d in the 
Mosaic account coincides with that geological con- 
jecture, for the verses (2U, 21, and 22,) which describe 
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th(‘ forth in the watc'rs nnd in tlu? air, of tlu* 

inl\a])itanfs ])r()])(T to thosf? charKaits, iniiuediatoly 
proocd^^ llio'^r whio.h rolulc^ tlio croatiiai of tlu‘ more 
('()inpli(Titcd ;md luon* lully d(‘V('lop(Ml animal origan- 
isms of' the dry land. 

finally, it is inrontc-stahly and ah>oIiifc‘ly otah- 
lislu'd hy tli(‘ ovidrnc(‘s of i^colou^y, tliat tim (‘allini:; 
inO> oxistoiiCM' of th(‘ human ra<‘(‘ oocurrod ^ll1)S('^[llontly 
to tho cn'afioLi of all otlioi' croaturos, inoludin;^^ “ natth' 
ainl <a’oO|»iii;^ tlmiy, and hcast of tlu' ( arth su]>s(>- 
(jiK'iitly, in fact, to the (•r(*ati(m of .all tin* d(*j)artments 
of natiir(‘ w ith wlucli w'<‘ arc acipiaintcd. AltlioiyLdi it 
haj»|)cns that tin* [>ci’iod during wliiidi maiddnd lias oc- 
cupied tlu'cai’lli i.> ''hown, j^a'oloi^ically, to almost as 
nothin, it in compari>on w ith those vast a.a'cs in which less 
im])ortant Ix'inas j)revious]y lived and died, and alllioujfh 
discussions an‘ somrtimes raisixl as to the agn-ement 
of such a haiytln'iicd antc'rior anti<jnity with tlie 
all(\!ti‘d shorter pcrio«ls said to h(' descnlM'd iii Scri])- 
tun', yet th(' fact remains, that, ai'cordiiiit to holh the 
‘t<’ob),iti(*al and Scriptural rc\a lalions, the makinit of man 
in the imaiti' of God, to “ hav(' domiiuou over the tish 
of the sea, and oviT tln‘ fowl of the air, and over tin- 
cat th', ainl ov(’r all the (\irth,*’ wais the crowniiiL^ act 
when'hy tlu' .Divine Deneticeni'.e consummated and 
pc'rfocted 11 is marvellous ennUion. 

ddius, tin'll, from tlie idfects produced by some of 
the astronomical inllueiiees to winch our planet is sub- 
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jcoted, aiul froTii tlu' cvidi'iKrs aiVonli'd by iiiaiiy o[‘ 
tlir structural cbaj’actcai.st i<*s of its ci'ust, it is (b'du- 
ci])l(' that tli(‘ cartli lias passt'd tlu‘(»ui;‘li successive 
phases ut* dt'V( lnj)ni(‘ut tVnm a V(‘rv early stai^c u]) 
to till' period of tli(‘ (‘reatiou of luaukind. Tlu' result 
thus obtained iuchid(‘s only tin* most |)roiniiu‘nt plic- 
uoUK'ua, and with tlu^ Mosaic narrative eoutaiiu'd in 
the twi'iity-four earliest vers<'s of (ienesis, it mm'Ius t»> 
he ill v(ay ehi'^e ai^i’i'cnieiit, in nyard both to the 
iiatui’(' of th(' «'V('iit'< themselves, and to tlu‘ eliroiio- 
lo^^ieal (»rder nf tlu'ir oeeurremu'. And whih', on tin* 
nu(‘ hand, the <'oueliision ari'ivi'd at reipiiri's no sir;,in- 
ina' of tin- laii'.niap' of Seri|)lnre, and is not depen- 
dent upon an i:if< renti:d intt rpretation of it, it may Ix' 
observed on the otlie?', that the ehar;^n's of ini.'on- 
sisti'iiey with well known astronomical facts, and of 
otliiT ‘seientilie iiiaeeuracii's, with which that narrative 
is sonudiuK^s assailed, are not su-tainahle liy the plain 
and dir(‘et .a\(‘i’ments rontained in it, hut are j'eall\ 
fonndiHl upon infenaiees w hieh must he ae^jinVseed in 
before tin' euui'^e oi' ri'asomni:: ado]. ted in snppoit o|‘ 
lho'^e ehaiye'> can he })ro[)eilv eiilend upon. 
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